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5 5lE38K>*-fe, 

[is^ii6o] mtza— kw:. -tn-eturoiHis^jxfc 

1fiF5(S^:SrSfIIH7 B (co—KU (1164) . 
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-tix-eixlEteSixfcttra«»ttKrfE-tJx^Jx«o/<—^ h 
icmisl, -tix^n»iBte$nfciira«sfe«:«p*{cj: 

^*-7-fc S' hSr^b. -ttu(cJ:oTg5SE^Jx-ejx«>iift 

[ft^ei] wiHffligtt, o-K$ti.rt'5fi!itE7 p 
bTStjfs^ix^nw^-7 l-a>fe 
(tfJfBgm£ixfcffl&ifc77tf/>&igl9L (1144) , 
fifa^uttfitii5^rn'en<o/<-7 hSr^au (1146) , 
10 idiEfFfffili. ®ll±l^ix-OjSflfItS€-'<—7 h <oifJiE^7 
s*—(1146) , -€riUe X'^XfflViWifiiT.T y 
7 p l44¥{l:$Jxrv'Sfif[|E^n-fnoil(t^-V'^7HcJ; i? 
0g*T£ft5iS3fc:®6 0fE®<75*-fe o 
[li#JI6 2] IE5i^^7^-^ffF(ffiSr^Ifglc-r5m 

M^g (1104) <773S#-I? ^ '> a >" (1140) (C*3t'T, 
ilftf--V^7Kc«toT^fI$nTi'S7 j :—7 hSr-^tpIg 
5#^:v'7j}?7Ui£:§:fS-f Z>tL#><0'7 \sttm7 i (114 
4) t, 

7‘\sftffl7*</i'f\z.}g'££ixTi,''Z>'<—7 h^fcb^i (11 
20 46) t . 

^<-7. htgtilS(C.^'&$nTl'*7'«7 7«—(11 
46) t . 

'<7 7 - !? JIxr^' 5 'f 3 5 'f f (1158) 

i, 

^ = y 4 -9-’is X XJ--/ utaP 7 ^ (c&t-g- ^ ixr i' 5-05 

Sc^'ey (1164) fc*A«UTi'6ri:SrW»i:-fS« 
^ -7 a 7„ 

[ff3)tII6 3] SfllH7 P 7tl|g7-r7^^(4^rPS-1' 7^<7L^ 

7teg: 7 ■< 71^ (1144) Sr^T-#-5R3jiJi6 2fEttO»# 
Jt7 t?-73 7 t 

[0 0 0 1 ] CL(7?tlil®l4. 1 9 9 8^7^ 2 4 0 (CKay 
fdltcj; <0 ttllS^nfcU S7"n t*7a ^7M#fFtiJlg60/09 
4, 106-§-, ^8^177^# “MULTI-MODE, MULTI-MODULATION 
POINTTO MULTIPOINT MICROWAVE RADIO SYSTEM ” (C*t L 
T35U SC 119(e) i g-T5„ C 

[0 0 0 2] *»KM:|RlB(cW@SnfceiTro^l ! FK#a 
S(cte«^*ifclM^iS(tlcl9^LT*3i?. 

40 #3t SSi^ixSo 

[0003] 1 9 9 9¥7J BlCKay tele* >3 tbJS 
^ixfcus^fipfcbipog/ 

“MULTI-MODULATION RADIO COMMUNICATIONS 

■ , US WMF % 

1 9 9 9¥7fl B (CCorriganft&lCj; *} t±l@$ix7tU 
S <#ff ffl@09/ 

“MULTI-TRANSPORT MODE RADIO COMMUNICATI 
ONS “ , US4@f^ -§• 

1 9 9 9^7fl B (CLohmantelCj; 9 S 

50 ^#flFt±J@09/ 
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“MULTI-MODULATION RADIO COMMUNICATIONS 

” . usetf -§• 

I 9 9 9¥7fl B ICMuhammd fdU-i 9 ttiM^FLfcU 
S raWfcbfli09/ 

“EXTENTION INTERFACE UNITS IN A COMMUNI 
CATIONS SYSTEM” , U S 4#ff 

1 9 9 9¥7l B ICKay ftilfc X 9 HUP^Fl-fcU S 
ffW@09/ 

“AIR INTERFACE FORMATTING” , USrafF 

-§• 

1 9 9 9¥7fl B tCKay ftfltC J; 9 ttilSZtlfzU S& 
¥FtHm 09/ 

3§?f3 “DEMAND ASSIGNED MULTIPLE ACCESS TECHNI 

QUES” , U S 4#S* -§• 

1 9 9 9f7^ B {CMuhanmd {C«t 9 UJS$lXfcU S 
raWtti®09/ 

“MULTI-TRANSPORT MODE BNUS COMMUNICATIO 
NS” , US raW # 

1 9 9 9^7^ B LlWendlingftflLL X 9 UimZtlfrU 
S^tFWJ®09/ 

“ I :N REDUNDANCY IN A COMMUNICATIONS SYS 
TEM ” , US# 

1 9 9 9¥7fl B (CMuhammd ftfltc. J: 9 ffiJg^ixfcU 
SrafFffliP09/ 

“TDM BUFFERINGN ” , U SraW -§• 

[0 0 0 4] 

l&mnm-tz&ffiftw. f] 

ratc-x — ^ 7r J; 9 JKsetxi-5 

fcfetf. 5-^/i'^sissicia-#' 

5. 

[0 0 0 5] 

[t*®si] M^iift^gi4iiftswr-*iaLrfeib 
nti'5. &Sl&gl4, LTabixTt'5 

s^gx-foSo ^ggttSftiaiift y 

£;h.-0'5. ^3f5S^fro*l^^gt4, FM;&i£4Si&*; & 
1 2t 1 -k, 

XA(75 J; 5 

[0 0 0 6] ®8H$Sgl4. h7V 

£ <75 ffl TSi&ft ■§• SriUfa ±5 X USftf Zlt&nm 

MIL, SftSnfc^JSSliKSfeft-^Sr^—K 
ft£)&$:=> >'<—9 ’b'&A 
[0 0 0 7] &&$!ig<DfigftSB#l4x-rA£7cl4g^ 

«/®i^ggt-#)5. &arejitt*ob;h.-0'S j; 5 
F'fi-S§-&*T y 

•t“6c Kfs-f-co^sF — -7 S' FS:. 

F'ff-g-1 IlMIft 
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-tt>» fiajjttfjsfc&gss, t&m 

Mt5. $b<c, jy<r> 

®W3»»#ftrS. tfJxli, F*-, 

F=* —, g^lSffig|S^«:-tA*r-fc'5. 

1 oo«F- KfcTtf 
LTlMI^SXT^Sr^L-O'S. 

10 [0 0 0 8 ] 

[«K^»«rUJ; 5 ti-aSS] l 9 oSSi 

«l»SSgSr-Kffl-f 5- , LCT-litSI 

iiftxia, i£Lfcttgof>*/'yt'(’ hi4@s:ufcifi; 
g«DjtRiiF>r ho^is-ra^^gtiift-t-s^^g 
Sr-g-A/T-l'5,, isifcfigroitKIiF'f MSraaWlw^N 
ha»bSfcofcffi®fcttg£iT-0'5„ 
r, iifg'^^rAtai (^iFd' F) *fr£ <£$coiaRI 
-?0 iF-Y F) ttfloftfc. -^''Y^oKil 

ft*M» b <D t ER lc X 9 m PS * § 5. 

[0 00 9] 8SiLt, loo»- Kfcteffl-#-* 
SSi&ggl4Jlftofc&'P££££l-f SaiKSSSSJ: 9 

lfc 

#ot;a4 ? tt i axis, 11 

X— KSr-Ce^i-smi (DMi^^gli, ^y-tF-f hl:tt 

P^LW^ _3 Ite<CU 5 ' h^7-^S (BER) F»9T*fo5it 

HUF-Y FO«|^i:ilft-t-5rt^r-^5f'er*fc9. U 
jo s/ F^y-^li^T'iFd' F^i'b ^ bt^BlixfciSRilF-r F 
0>8S*&!i£gl::W&^fitX]4*i,\ > LfcjSoT, Hl60» 
«SSSgli l o®Slt- F'SMfcJH uriift-T'Sfc'U^cD 
t-, m2«DS'P^®ffl-r5m2(7>iii®^gi4@siTfcttg 
oitRliF-r Fco^^iifti-S^i-Sr^St ^FL5„ # 
jdwui, m3<n&mz&m-tz&3om&mwt*m2<n 
iiim^goKH^oiiisiiF-Y Fco^^gtiaffl-t-sr 
h^Z-mt Zix&o ■ft F? 9 ti, m 3 ro^^^g(4^T<7J 
itfiiiFd' F»ss**«i:<»5aflr»c«ffli4xsa«. ®3(73 
SSiSSggttft-i-waftrofcfetm l fcitJ'S 2 co^J: 
do 9 b#< <nmi&m&&mb-rz>®m : e- KSrtt^u. c 
niiiamy 

Sfe. Ki&ftjSib. -trFL-fFu 1 owflt- F'iSriFsf?— F 
■ra^-^ASr-Kffl-t-ailfeofcSSlftSggiS. />^iF-< F 
*»b«>EKsi«aEfl:-»-*aHhF'f FKttgLtft*8gt 

[0010] 

[^MSr»^:-r5fc«>60^|5t] 

loro^li^^grtX 
^»®SISriFd?- F-rS^H-r-SS^iift^-fifeSriSW 
59 -t'S^irldior^do.tU'^iDteo^StecoPo^g^g? 
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[ 0011 ] liitli. 
trrzmmmmz&wu: b. 

liUtwfKrtffl LTfi-§-£gfH-.5g®l2!&-£/L,T- 
V'S. Sfc»ISSSgW:, 

7tc4oTfi-s§-sri2ifi-f s h^srjytb 
ri/'5o 

[0012] $ bWiCDBmT'te' *«KIJ-7^fS9l 10 
^7i* teMtHs-f ZX:*r !*&&&. h-tZ* 7 
1*1 4SSH? U'7 7SSeSrSA/*:SifimS:-gA,-C , t'5. S' 
TOPtttt&OSPSr-Si^ bTff-£-Sr£®8U Slti/^ 
7ggl4ff^«r£P-rSfc»1g»«S118ro^ix^ftS:iS 
*R-**5. KSH£ 

UTft^mp-r S fc » W«SStlA,T*l' 5o 
[0013] 

t, 5#**««£ U ate»SS«^<oflr-* 

*Sflru tt»fl5*n«>-tn-ensr«fflLrflr^s:«i« 

U ft#Sr 70 

[0014] £ blcsijco^jfe^fig-r-li, 

mxmt, m&mmv 

«-§-l4ffi*coSP 

^AyK^-gL. Ig^w^po^ix^^r-SP^ 
tiTt' 5ff #Sr£IBf 5 * t s> T’Sr^-f 5. 

[0015] $ blz&]<Dmmx-\-i. *f§8Hl4£Iffl;fcrifc«r 
WfiSi:b, «Pt§^ofi-i§-S:£{f b, 

S&b, —^ h-^7^-—vj/h-ftb, '<— 

;* h Sr^gfcco^ u—->3 '^(n-Zrti-Zftilz-v y fv 

T'U b-->a >l4Hjg:0&P0*;h, 

U tg»<755EProtix^ix*'teJB bTA-x 
h SrSPf 5 * f y -7 Sr*"T Z . 

[0016] *f£fftfc^f&T-l4, #3§^i4mi$ifS:S:!f# 
Siib, ISPS^rolgsRSri'i'tf/i'SrSftb. 

btSi^li, § 

ft$nri'5lS9S»v'V3K/KD^J#fF®^®#b, Sft 

SftSixrt'SttsBfc'^'jKyuoffifflffffiSrfflWb^ § 
ft^nri/'SlSsgSc'x'V^/brofflKac^-y-fe y h«f«Sr 
38# b. •< bTft-sl-MT^Sr^hib, 

■*fl'?-mmx7'(-v-&&m L'Xmmmi''*'xsi'&m&n 

= >77 b — S'3 ><£>-£• j> fb if b. 3g|gti7} 

#=>>7.^ b-'>a 
Z77 y Z . 

[0017] #3raw*^ffifl4, ^:*^ia«P*T?Sft 
$ 7 * —fwm&n o -t 

m&mwLt u ✓<—* 

SrSItb, ;* H4iIft*T*7Hc«fcoTai{f £*u 
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!Elg;S;ft.Tt'-5*ifraGlgcSr7’b*8§g7w;i'7~-o- K 

U EtS£ix;fcraiS«#ri£P*lc£9 jLfcJxSiaft^ 
-V^K£>Kgo 7 4'S; >7^74? j/ hS:Sb, ^Cio 
Tilff5 L T^/H43£{fc£i'U o— K^ixTt'ST’bffiig 
7-f^^lbTA-^ ha^SrfijStuittfS&bb 
#/b&ffl§au ✓<—* hSr&ttjb. &nj£*i-o'5^— 
7 h<o^57 — 7Sri¥®b. -tixlcioTM^f j/7° 
14#?{£ $ tiX b' 5aft?- 7 <t O X'fr fc>*i Z * 7- 7 

7Sr«-T5o 

[0 0 18] ZblzffilQftte&mx 14, ^^«iE5S/£ 
/<7*—7ffffi«r^t£^-r51gi84Si»3g#-«?7'>'a >Sr 
;n7>£?#-tr7 v-s b(4. iiff^-t^/HcJ; 
o-Ci£ft£;h,-0'3'<—7 hSr-£tHg3SS!8:v'b#/bSr§ 
ft-r*fc«>co7bta§g7^7u^ t, T’btii^-f/i^jb 
h^tusi^, '<-* h#njss»cs-&£ 
ft-O'5'4 7 7—7fFffi§g£Sr-£A,T-i''£, 1 ®#-l? 7'7 

•y-'ir, 4'374'iffc«tO'7u+i|g7^^ ; ?(c,e'8-^ix-C 
V'5#,&p< XU t Z^/uX^'Z* 

[0019] 

[«W«SSlto»fl8] 

9tcr*7i$n7r'bro-^l4/i< , iKW^aS: 

IE«-f-5i^)-c*j5S:^ix7tibi7)r-*>5„ MRoSKnt 

[0 0 2 0] 5fcT, 121 1 Sr#0P.-r6 t, WB»lHI 
mmizj:z-7/u^mmx- k. ’t^sbb, im^ 
4"^ (61T. l M^rAifj) 

7 — df-7 1 ^ l»^'77r 

aioo ii^*^io2 , 4a&m$s&&* 7 vv—t (ps 

TN) 104 . •< h-y-— yi06, 

i5itJ'-5r(75ft!l(7)^. ^ h v-^-ir 108 «r#Ay-Ct'5„ l ft& 

'> 77 - 1 * ioo hV'^sgjsi^ 

(BIT, &£V*:}nt¥im-tZ£$k<r> 

7/u^-^e- KiSRI4g5|£114 (6TF\ itPlC^tl-p) Sr 

^•■t-5^7 , -y-4' Mio &^AjX\,'Z. g’&niMffiiliiimi 
4 ii6 (n^7>r^) rt(-SBg$n 

5„ ^'7'4g^ll2 y >? 118 Sr^-b-r^^O 

itlii«g^ll4 tn^-g-^nTi'So Ittg>->77J*100 14 
^ blcteiJI^y h 7 — ^ 120 *5J:tJ«^b^ V h *§m>7 
7-1* (ESM) 122 3r-is/b-C*!/'5. 

[0 0 2 1 ] K 7—7 (PSTN) 10 

4 . 4 >#—%.*> MJ— t'7-?u /<> y 106 . 
h 7 — 7120 ('< y ? *—/l'lbackhaul~l t iimZiriZ) 
y h 7 —7108 14^*^102 (C^-B-^ixT 
b5. ijE^^ y h 7-712014^*^102 Sv'T'D-4' hi 
10 4340«3ibp< V b t Wm>77-1*122 Jc^-B-bTl' 

Zo ''■??'{ hno (cttg-r5«-^7 r sg*i4iafty >7 

SO 118 Ir:4:i3-t7 7 —^o^-itRi^^lH tilft-f-5. 
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[0 0 2 2 ] *i#F<7)g!S. -ttefrib 

1 '>* t - A Sr IB® Lfc&fffaM£/8 £ ixT t' 5. 

mm mm ~ zmm-tztz. m&nm 

raSr^i-S-troftSSgBSrg^UTt'S. fllfi 

“-r/u#$5i£r-K (SB) ” Srf£ffl-f-£E#, ftttft 

# (Wrlf TDMfi#) *5«fcU'#P»ift# (W^.liAT 
Mff#) nx 0 ?£■*»?-&&*— Kft#Sr#tf- h-TS 
r tCDT*# 5gB^ric5feLTl/'5„ Ff§ “-7/u#r— K 
(£<B) ” -^^Pfcjru^/L^sg 

£ib 

tc, fa #<D ££$?£*, l AiSriioTteizI^nS 

S/rC0^roh7t S' ^$r-flS;Wlc|Sie-t-Sfcae)lc®ffl 

£;h.5. 

[0 0 2 3 ] SS- 8 -f * 

b— y r (CLEC) 

A100 Srf£F LTiailSgTlaH (Cfcl/'T 1 A 

t -Y >r? — rof — t'^Srtltfc 

-#■60 4>*®102 14 1 A100 i: <7)flfjCD#—fc* 

*<7)fc*y<o^F:}3,fctJ'#-*;*4' s'#. tebmz&mik 
^BSrliffcL. — F. >■ nawf A122 (tl 

TIKEMSt^) 14 1 2*£'.x;*-rAfclfSU ‘Fife 
®102 S/^4JMlO*5j:0«a 

|514gstcl4{c45{4 5S^(D3iUs< v Halits. 

[0 0 2 4] ^*^102 14, 4i#355&®f5#—£^104 

. - 1 ' >'S’ — ^ 5 / h#— t r x. 

Vf-^SaiSv-^T"A 60 J; S' h V — ^108 Sr 

oT, 1M£'>*#A100 14, itR§4$5fU14 lc:fcl45;tra 
A#l:^ft5f-^, ^F. *3j;U«fc'sr;<rSr-£Sr-7/u# 
T#-t'ASr^ffc-f 5„ SEiH-* s' h 7 — * 120 14 
^*^102 h 110 lc43(4S^^'y4g^ll2 £ 

»IW0flMB«r »Ei-5. 

[0 0 2 5 ] hlio I4^7 c^^^^45 J: 

tfaiBiHsfciU (I2t^ felcfftSf!-f£) Sr^tp^JQA# 
^rtrofeBIciSCT^-tr^ r? —116 li^LT l£ti«/' 
#ig;£ll2 Srf@:tTi,'5. WS*l4ft^/K»lo 
W#:/# t^/uSt^*## $. €-##■# T^7M4r£f*<7)jg 
K!S:S^t®^5tl4^ + ^.^S : ^i!iIcoil-y-& s' hr&>5„ 
& w sr ns mt-rs *:«>£, 111 (7>-&^3'-ii6 sijfc/f 
loOAT'ffitl^ (riittftti'i'-SSirLT/T 
Jnti'S) ^^hTi'5, (4?^ 

—SH*&) I4iifty>^ll8 SrfrL xmmz-tir *—$km 
r*>5itlBig;feii4 iiiftfs. JDA^-ttiDA#^ 

— 7 *$.tz\-&V— *?*&&'( 

—A' (Ul^ S S ISriSo-ritlSIigsIc 
ll4l:gSE$n5Cii5r-#5 0 T lSfcliE 1 7-f v 
4ij;o ! eiT$ btcKM-t-5-ti75tei7>aft7'f > 14 . ss 

I =*&*.— 7U!i^l(nA#^B-'®^L-0/'5 0 T l £7i 
14 E 1 7 -f >l4iIff&WT*l4 4:< *obnr45 <0 , Lfc# 
or. ::t-^ felcBBBtt Lfet'. 


$#K 2000-59453 

14 

[0 0 2 6] 1 A100 14 

B§#S>1 Si)(TDMA/TDM 

a) Fstr-iifi ') 'st 118 r^^ncSfE-t-s. zti&y 
!)V!ly7*|Sl 112 *‘<biil!iig;fcll4 ~) tc 

v^r* 

foo. r s/^y v^^iSHcjoi/'r (SRiigs(eii4 a>b'-' 

ytsmm ~o 7 *^ *##£•#) #7£8Ma 

y £ Sric^-t-s, ;iii 4 « 8 iioiM# 

WrAi^or'5. ££3fc&ff5r*l4f$#Si]£m (T 
/0 DM) Fx^ri^fg L, V y 

ICj^fffSo ^!)>y^?l:ftlJ5TDMAWtffl (^ 
iSMGiHir fcP£tf*i«) 14^4$;fctc*5(t«&«#*. tf- 
A7 77+ (i-r^*--ft^tLfcr yfft-til') COSE 
BSrg&lc-fS. ^r£ r -A7>'#4-|4 ; Fi!£SriSi!>£ 
#. 03(7) (A) . (B) . i340ii 1 5 Sr#!?P.t.L!$j£ 

t54 p{iGSfig®SrtiUD^-t4S 0 i<r>i\ K> 1 ^, ltt& 
V-^XAIOO I 4 ^!>^ y >^(c43t,'r)Si^GillSr-effl L 

rt>4i-\ #£ Li/'Sgite^®r*a;»^(c 

«t t'-Ar>x4-l4^F-fS^ t 

^<7 

[0 0 2 7] y?>y 5TDMAF#;tf>S(jf£ 

(c*nx.r, 

- KSrteffl Dr[t#Sr»j=fe-r5 J; 5 tc«fiS:^nri'.5„ 

ir<fc, rco^ffi^coi^^^A^AI4#l^^ft-§-r 

K 01 5 fe^PSUrGiS^ns 

ft#, iSiTJ'l^^ft#. -r^Ft>B##S')^S (TDM) 

5CiW#5. ^PSSft#l4i|#5ero0#raicl9^^<^ 
bnsft#rfcy, ^s'^‘W«ts^i''r«*>'ix5. - 
30 ^p^ft#i 4 #soB#ra(cD 7 t^ori^t 5 n, Sft^n 
&^R0lcS<5t'r^d‘n5. f^JtESfScoiM^'^^TA 
I4^rn^ (f)4liTDM) 3fel'l4^r^PM m 

tlfATM) r*fcy, L7c^oT, TDMi ATMWM 

fcl4tt3t£a«fcJ:ixtf 2M<D7LM'f 

V 777 ; i^*-(73(5321^- K 

Sr-y-— t'^ f 5 7 1 A S-S i i: 14 # tc r #? 

5„ -tial4a»tc5ii;^iT,ri/'.5TDM'<— s^oo^F# 

— t'^<73^u^sr^nA#a'#ibn57c#r^<, iSSiSSw 

7—-< TIT)ATM#— fc's*Sr*lJ/8-f 

40 5r Ed^r# 5A>?,Tfc5. CtLtjiDlg^r--KI4#(c 

1 A 100 Srfgfifc#£>»£—<ofy77A 1 - 7 )' 

#r 4'7757 ('7? #r Sr^F LTfiJF^S ir 
#5. Ad'ifoj; 5 tciur ATM^<—7^43 

4t/TDM-<—*<7>iifESrff 5 r i: ^r# S d'fcoi/'T 

I461T$ 

[0 0 2 8 ] ^io^IffcSUt^v'^rAro 
''^ 8*112 (t7^Sigfit-fc5) tsjro'itps^ 
114 {mm^-z?pmm'gim.x'bz,) 14 ^—^ 
-^r-^A^giSr- KSrfgffi LriUft-fSC iOf# 
50 5 x 77 U-A 7 t- 7 y |-Irtit 57 ;uffit 7 
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M— o^:/4g;fc 

112 14 l oo^p^E— KiSr^ffl Lt 1 oO/<—^ h £)£ 
ffU h&SUoaP^e — K*«£JH briMft-^ 

5„ r4U4-''7 f ffi^ll2 2*. Z<r>X. jftSHt- K2*S 
Ri«*il4 9(£)8 £ix-0'£a>. s£i'!4 

¥<n&m^*:ix&$>Z>t»\zm&te < ms.<n>-z 9 * —lie 

td4=3 <4 Siting* 114 W^TIcMLTigfi-fS;! t&liT 

ttn-rs. 

[0 0 2 9 ] '&J£<T> 1 ^ AtC43l,'TI4nfiOgS 

i&gjg (^^48*112 ) 116 l*|On®Ogp 

xe—K lcttL-Cj&Mi: £*t, Ztilz. J; oT n ®<Dmm$i 
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t 2^74-;* HcTfLTal^il.fc^pX- K©H!St 
fc5. rnii. x7^y^'-7x-l’7 7 1/-A7t-v 
s' f-500 

5-y--rxrox<—.* h«r^-L-ri^'5fc*-cfc5„ 
»gi*i$!eg *3 4 ViSPSig^ rolrt ^g<£> Pi# 

|t7Aj3 t fcU t '<AftlJffi]£SglA, @9, 1 lteiO'l 2 
tdf^ffllcSc^n-Cl/'S 4 0 fcmT-< 7 $ — 7 =x-f 7.7 U 
-A 7*- — -? y h500 Sr4(St5©l:^fei7'YW' 
-7x-(77k-A7j—7y h'ffclf&S^gSr^Av'T-1' 
5o 

[0 0 6 8] HBSI4, xlT'O* — 7x-( 771^-A7 
3f—v ;/ h500 14. Ty/U >:7 45 417 ^C> > !) tc 
SSt'TI^DX&O . — *\ 1 S^X 

AI4. 7!) ^*|c:teV'Ti»!8Wfcfci£ (TDM) Sr 
t#-l-L, SfcT^T 0 !) 

(TDMA) Sri)‘4f—h-rS3iT-0^ — 7 ; x-t'A7^ 
—77 hSftffltS. x7>l'y^-7x'f77l/-A7 

d- 77 h500 14. v-^7 i A<i : S43J;U'S6WS : ^i|iIS')a 

<DtL#><D -*—74 -.y KS]5#502 Sr^Lri/'S. C<D;t 

-^-^7 KS15#502 14. QPSK/<-7 

A^oyhS^r-i'S. qp s Kit^<Dmmmm\z.x 
'iXi&mZiriZ&m 1 *— \*<r>Mc{&&.<n$zm (S/J'ffifj' 

l/#/Hz) T-feO. Lfci'oT—#a^SE(SffiHSr 
iTLTl/'Sjtto, ^—/■<—FS1544502 !4QPSK/< 
hSr^Ay-Ci/'So LfciSoT, (1241) -> 

^xA^43«4 5^Ti7>jS|^jg*l4. 4-^7 17? 
•tr —'^Sr^ftr-^S<t 5lc^i(C< itQPSKSI/-!- 
;* l-SrSff-f £4 ot^ff^ns,, J£1T, 0 8 Sr#HP.L 
t4-7<—Fffl5^502 Sr^F * 

—74—KS5#502 14. r*7<Tffl5#504 |c4oT 1-5 
Kj/^SB»506 

[006 9] TDMAI77 l^-A7t —7 y h500 CO 
17 t j/^SB^506 14. itPSSg^*sJ:(J'7N^4g^coraT* 
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'<'( a — K (ATMt;Uj5j;yTDMt>l/) Sr6ii£-4 
S„ TDMAI7 7 U — A7i— s' H4. TyT’D^ 
t > y < 0 ( 5 }*-e{g;B 74—;* t- • 74 

•< ■ h-c-gfi£nfc i7t its. 

iOsIWIWl^WfAfi, QPSK Quad 
74 — 7. t-508 . 1 6 — QAM Quad s< — 7. 1-510 . 
QP SKI- 74— 7 . 1-512 . 64—QAM Quad^ 
—A 1-74 —7 1-512 *54171 6 — Q AMi— ■'<—7. h 51 
4 Sr-?-#- its. ±iBK»gptis« 

10 £*l-f. -€rftl44fc, BPSK, 128-QAM, 25 

6 -Q AMjSitJ! 3 2 -Q AMO 4: 5 fcgflfiftjcfcn Ibtl 

-O'Sfi&rogfSS:-!)-#- K-riJ: 5 £3* 

x-t 5. 

[0 0 7 0] l7t7^se^506 rt© l-7t 77/<-7 

h 14. iiofct-fXffcD. 

iSiR^nfc^PIctSDfcSli/'COMSfSi LTil?'g-4< m 
fi-^nxi/'-So =t<F>>fct> t) . '■<-;* H4. Sife«X*l47jr 
OEi'coffif^irLTKH-^irSCit^X^So x7-f7 
7 - 7 x-f 77 l/-A 7 t -77 1-14. — JKt-l l 7 t 7 
20 tCniSOQ P SK Quad^<-7)S(*i 

Lti'5. 7 ^ h<D(@^:nl4. ETF£ blc^ilBIcStK 
-T5J: 51-(£ffl$n*raK«:<DK»T*fc5. 

T, QPSK Quad 74 — A 1-508 14, ^COg^i* x 
®coi7i7j}?/i7Xfo V , btLXi/'S 4: 5 (-q u 

ad DSO St#- lt5. 1 6 — Q AM Quad 
y< — 7. 1-510 14, -tCDg^^x/2 f@CT5i7>^7UX^) 
0, quadDSO Sr^^— hfi. Q P S K^— 7 <— 
A 1-512 434rt76 4—Q AM Q u a d/<-7 
1-512 14, 

30 D. i-<ODS0 fcJrVq uad DSO £r-€rix-?:;h«U" 
4?— hi“5. 1 6-QAMi—/4 — ^ h514 (4, tWfi 
£2'x/6®(7)->'>'#7i'-e&>i3, (75DS0 Sri)-^— 

hi-S„ DSO icfctt^S^/l^g-i-U^/UO 14, ilft^ 
5Ftfct'raW6«jtc*ofeJxTi/'5ffl®Xfc 0 , tft®ll47F 

[ 0 0 7 l ] 74 —^ h iDD-d'XKcogg^Uc J; 0 . itt£ 

V774XAI4, 1^ LfcD-Tf'Xco^Td' — 733 -f 

771 —A7*—7y h500 PrTrmte^fcmmx— KSr 

^Lra/i:ot74-7 FSrg-g-U, 

40 -5im\Z.teZ tt'9#IJ^44fc5o QPSK Quad74 — 
^ h508 <75g^l4. 16—QAM Qua d/4-^ 151 
0 (D 2fSFXfo *} , QP SKi-74-7 1-512 Sfcl46 4 
— QAM Q u a d 74 —f./4—^ f~5i2 (D 
0. 1 6 — QAMl-74 — h514 <7)6fSlX#>5„ 4 
fc. 17-f — 7x-f47 U— A7t--7 5 / 

0QPSK Q u a d 74—* h508 Sr{%^X# 54C5, 
14. -tni4 1 6-Q AM Qua d7<-7 1510 T-fctl 
I42nffl, QP SKI- 74 —(-512 ^7tl46 4-QA 
M Qu a d74—^ f.74—^ h512 7jr fe 14 3 n®. 16 
SO -QAMf-7'-7 1-514 (OS-8-JCI4 6 n(S Sr-e^-etl 
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i7-f>'^-7x'f ?7 1—A7^—h 500 ilioV' 

r#uar* sSF&eia*, t 

a*r#5 0 14U4. lorogi^-KCTtfifflLrS 
l^li51^^1xfct'('Xrox7/<-x h*-£trii&(7> 
l»^77TA|:^'ttflJft5l77 1/-A7*- 
-7 y h*i&l&r5. 

[0 0 7 2 ] £bll. i7-f7)'-7x-f77l/-A7 

77h500 14, £&co^pr — SXd'X 

S X 5 h 7 t y :X7<-x h *®/8 IT to 

gm-rsfc#, ft®roio«7>sfii4i^(cjfcd-r5Ci3i^ 
toSZitt 4, S#g££n.5'<#£rLt'i?'i' AXxV*^ 
i Lfti,',, fe3fe&$frrov'XxA(i:m'T(4, 

14, ^^A'7’7>ilr'(g^-rSCi:l-l4 0 , if GD^-fAX 
a y h* "H< ” -<#d'5ril*a^nSo LtiSoT, I 

Li''iim<g^i6insfci4fis*$nfcii-e-. fcsiM4it 
lii4Sp(EK> l ocon—x^ifijns Jtl4®sl7 Lfc^-g-, 
aX7>2*ss£4t, ^r<r>jSPiffi*(cgTUi''^-r^x 
7^a*34iB34Lfc(t4Uifrfefci,'. 

[0 0 7 3 ] #itRi«5fE^€-h 

7 t y^-x hirSfii-5cO{T. $r Li';? -f A75 V 
SrS»K-r5 J £Hia«<ci''Ci:-C*>5. $t, itl¥I48;fc 
14, tii?>i«*!St5J:5tMSliTi'5h7t 
$854506 <n>WzrtfV*'&M-tZ>'. tztx.lt, 
iS^OitfiiigifcW:. . QP SK£fcl4l 6 -QAMSr« 
ffl-#--5K>ri4fc< , 64-QAM«rftflLTl'5h7t 
•y?s< — x hfc*(4*ffiP-r-5 0 i'co^-r AX n 7 h (Cio 
k'T 6 4-QAM'<-X hi 5 h 7 t y 5-$854506rtlifo 
S(7)d'l4SSr*l4/£i/'^ i(cj£®$nfct'o -5:41(4, it 
(liS^I4, Ztl&l'tof'f Axn 7 

r*> 5 . Lfcilor. 3 @t -T A 75 ^I 4 ^FST-*) 

i), H^(^i?'1'AX7>f4^<i£:>Si:$n/£i'o L71# 
or. itl?i*;fcl45'd' AXxVirtttHa-KJc^-x h* 
Sft-rsc i^r#5. I4i(4. ^-fA77 7«rffflt 
•ftc, fc5i,'l4^'r AX7>*‘fe?fi&Ufc5l^li]S^7c 
SMSfc0>ftfi5 L r I' 5 o 

[ 0074 ] znmmi&mt, k$854502 

(C43(45Q PSK$l^llt'<-X h Id i -S X ydr —S? 

mmz'rt^x, js«iB5i5oart»atf-ft*nsnfc h 
7ty)'<-x|-^5. -£r<73itR§«;fel4. *-✓<— 

0.7 K^-x hSrmP-T'5 4: Ld» 

L&;S*(b, Kt/W'tx®i , co-fe/i'd‘(bt±i 

i>> (@2 2- 2 9 *#0B £41.71 ia) {:SS IT 

f ax? 

•Stf*. 'S-itBiJgifcasx-Td' —71^ xtioti)5 

h 7 fc yiry< — X h *§ff-T5 tf>(15gr L-f AX 7 > 
l4i^S*k'Ct{ii£g$jTfclr'„ £<bll. P?ttJLB#R8<T> 
71#>tC;&^g7.t7 L' —A|4ii^CO^ -< AX77i (3 1 OCJ7 
fctr'„ 

[0 0 7 5 ] 04: Ll/'glffiflimtTlfcl'r. X747!?- 
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7i-fX7l'-A7t-77 h500K>g $ (4 6 m&ffc 
5. 04J)4 8m&OX-'<-7l'-A74— 77 )‘t 1 
(1(4 8 7 U —ASo 6m»07l'-Aftt, 1 
2 5 aortic (8kHzt43l'T) itjilSTDMf 
— *<ODSO XVX/K734 8^-f ilEd 

SJt'TfSsmilit^TlJ: 5H. £71£1T£ fcKfflMfflUK?] 

Zfziblz. TDMr-^l4g¥^) , iATMt;H;SffiL 
Tl'5TDM-t/l' t } J t74 —77 Ht$n5 (H3 245 
■tt/S 3 *#.BP.£4i.yii<') o -€:4i.i&. T DMir/K75jg$) 
fcx — :?$B54*«;fc-r71totlD SO t>7’7K04 8 '<-(' 
tt *) , Lfc;flSoTxnT 4 '— 7x-(X7l' 
— A74— -7 7 hsoo 14, )7t7 7'<-7F5:itt 

<£>li+54*TDM'<'f h*Afe$71»{lg£;a*47&< i 
()4 8 X 1 2 5«®>= 6mtT/ilt)Tli/i9)/j:i -' 0 L-fc 
^oT, h 7 fc y ^$854506 14, -g-ff 5 7 <73Q P SK 
q u a d /<— X h508 , 1 1 4(D1 6 — QAM qua 
d'< — X h510 . 17 1(OQPSK$-'<-X(-512 I 
71146 4—QAM q u a d — X h512 , fo-5l/'(4 3 
20 4 2(7)1 6 -QAMi — '<—X h514 , t> L < (4 C 4l ib 

O h7 t 7 7 — X h (DffiA (7Dffl'aiT(Tffi'g-'t‘-5« # 

tf, J5r5S<7>g£l4:£T. «&#£4u3£lfcSfci: h 7 fc y 7 
'<-x h* \z7t—-? y i'-ft;^nrk'S®^^4v57 r - 
^•-tr/K t<r>ffl$cx-hztfi, xtnmMMmaxirib 
<73^W(73§ $ tcps^$ 4l7£(,' 0 
[0 0 7 6] x7-l , 77-7x-fX7l'-A7t-7 7 

h 500 14 , '<—x h • '<-{ • x hr 3 ok>$pt— 
K*1h#-htsfcfe. m-(75/NXffi5iE 
a) (4, itm*7(casfi:gurk'5<75*s-t^^—rtrofoo 

sfEtci^frrsr tAsr#5o fctx.14. /'X«5(?I4, q 

PSKMIT3 k meif*9(7>^t>HlnTc|R^^(73itRi 
^Ici^ftL. -*-6 4-QAMlcJ; (3S'bj£i'itBi4S 
^(Ti^ftU, UT 1 6 -QA 

Mlci OiMft*fT>''. Z.jxbl't±xmc^7 4 >■?-? 
x^XTai —77 h400 rttefoSo -141(4, 3-itBPg;*: 
iitor^ifgXi^'bJsteoSP '7 h/«>/H 

z ) Srgft5l t(c J:orilft^-T^/H73*'b«J^W 

{S^tLTifiaT-tSfifSrft^t 
40 5, LIttf'iX. &fca4Lfc®«6lCi>5iSR|4|85l5l4, flj 

(7ti:xl4, QPSK) *(£)B 
L, —^, S’bigk'l3^ c h>(7)itRiffi5(E(4^'sit64£^'b 
-b&cDgP (Tttxli. 6 4-QAM) IrftffltS. 

[0 0 7 7] i6^r#S.t5t, |g| 5 <733ir -f — 7 
x-(X71'-A7i —77 Mcfel'Tffiffl ^4u-5 h 7 t 
7^^-x h7jf -7 7 h«J«B&@i^$4vr45?), 54 
I'JXD r>-X/ki(#(a*^/(yrV'-5o h 7 t 7 4 X h 
600 14, ■»— K606 t, R AM P 608 . Sl©»f3- 
K610 , ® 2<7)^^!7—K611 . ^1 (D^r — ^/X^T 
50 S054612 *5 4(71 2 (77X—^/x^;rSB546l4 a>(b/.£5 
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-?') 7 VX71-602 , x —^®#604 *340*'* D X-f606 
&SAs r-l'So -?') 7 y'X7U-#fiJg613 $>£fz7F£tlX 
l/'5„ 

[0 0 7 8 ] h 7 t y ?s< — X h 600 IS. lOCOXtf — 
-v y hr— q P SK quad 

'<— X K 1 6-QAMi— '< — X h§W7d - ^ y h 

i ^ricl^iari/'S,, x*—2?3fl#604 ftt>0*R: 
m l <®>x — 2?/ / x-<Ta3#6l2 *340*B 2 (Ox — 2 ?/x 
^TSB^-614 14, 0 7 C0A*3 0 
fc:, te/HSixs^-x hn^-i , yi;ftota/ior»i>l 
sfc h71: *25 "<-x h6oo wg$[4isiR^nfc 
gpx-Ktast-c&'-rfc-rs. bfc^o-r, h7t^ 
/•i —X H4, l5|C/T^nft:h7t7?A-^ hf©7 
*— x y h iSrS-f-o 1 S£J5iJ12f&tc*3V'T, x —2?95#60 
4 , ft e 3 o ! (cm 1 4s 4 0*M 2 <Ox — ?/*'<7%5&6l2 
*3 40*614 14, Itb X.I40 32t©5 Z'<4 h ©ATM 
H 3 3 CD 5 3 /**-f h <DT DMt/l'S©/]'^ l/'i)' 
^Xco^-^-fe/uSrek-rs 4 5 KKtf^n-O'So 
[ 0079 ] l-7t7) 7 -?—x h 600 cox” y r >X/U 60 

2 14, #— K d 606 *34O*RAMP608 

bnri'sscLa>Lft#ib. st 

jfe&SfrtfJX’' y £*Xfc 1 OCOit#^-!7— KCD 

ftfcyic, rcoxy r >-X7H4. 

#X— K610 if 2 cD*f##X — K611 t (C^fiJ^lxS 

“#fjxy rvxvu" T-fc5ii'5^t-4P r ^X7U60 
2 teW^T-fc-S,, IS 1 £04#=ir 17 — K 610 *3 4 0*H 2 <D*t# 
#X—K6U 14, II ©T-4/^'<7Sli^612l;4o 
r^gi^nTi/'5„ 

[0 0 8 0] ^ 1 04#^C7— K610 *340*^ 2 04#^!7 
- K611 14, ^$ntv'54 5»-#S4$*vC*sy , Lfc 
iioTBl 1*340*1 2 <Dx7U^&'p] ; ex.M4, §{f £ 
nfc'<-x h #’coJD&®:;*-x-tr 5- ('43 4 0'(£tS;rx-i? j/ 
h -V^7M#f4£rIE5feKfP<ffi-t-5 Cl t #X# 5„ 

JS3K&*3 4 0*&tSi¥{ffil4x7U5^PxxAK*oC'Xfffc 
n5„ ll 3 (c 14 . gS 1 o4#^7— F610 *340*12® 
4#^t!7—K6U o4#^oMt643^$4i,ri/'5. gS l <o*j# 
— F610 *340*il 2 04#=fri7— K611 4541)7^4 
7U#Si|g613 4‘b*5f l®T-^/73^7ai))612 td 
4oT^8t^nxi/'-5 

[0 0 8 1 ] 7!) r >X/y 602 14, #TDMA/<-? h 
t-SfcfTb, 7 77 !)v?tdma-'<-^ hffiwiffl-yy 
#71-4340*#- mra&■§•*.5. Hi 3^*3t'Tffi8f];5* 
4l545l^. h 7 t y X X7U—X x h#^SS-ft;^4x5o 
^4x14, h x t ytri^=f— X8B#604 , Sl07-^/ 
^-<rfB^612 *340*M2C0x —2?/X-<T8B:fr614l*9 
t^^Snri,'57c«)T*fo5o @f©/<-7(-?Y7 (H 
7 OA4340*BK*£;h.-0'.5) *340* h x t y X /<— 

* ho-y-^x (@5i;sjntP5) ftbo*tc, 

KI-lS CT, h 7 t yX'<—x h 600 14, 
® 2 cox—2?/x-<T3i3#6i4 #r-&Ay-ec'ft<rt>4t' 
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L. £>5i/'l4m2CDx-27/X^lT315#614 f4, v ; — 
Sr^^-f»-ix-<T7'14?r-&^r*i'T'b4i'o % 

1 O^—27X^-<rSB^612 

fo5i/'l4-#— *#r‘&£T{-X'<r£:t4&'gA,X 
</'rt>4</'= H 1 4340*fg 2 ©T-^Xx^r§B^6l2 
*3 40*614 14, )7t 77 h 4r^iS{li-r-5 7c 

(4fc(4h7ty^) 

e37£t');i/'h7ty^7<—^f. 
600 14, 4)l:h7t y — ^ f- 600 o 

10 M-4-3 y (c(Srg LXi) 4 I/' U. fo5 I/'I4X y 7 >Xyu 
$ixTt' 4 si,') rt(c-^S4iT’b4 i '74 y 606 Sr-^Ay 
R AM P *3 4 0*#— 

(^$*XTI/'4C(,') # h 7 t S'^ 7<—JX h60 

0 IciS2jn£iaT't>4 I/'. tz '<—X ht4, qua 

d/W h4340*m—7-*—^ 
t>4iTi/'5 ; eofdlO^-i'X07<—X h t 

5. 

[0 0 8 2] JS:t@7©A*340'BSr#^t5i, qu 

a d/<-^ ^4540*^.—7<—;* h O^EBSHi3^^iT,T*3 
^ y. -tn^idtii-t'naetyT^iiTi'S h7t^47< 
-* h©7“25*a5^*340*7 :f -^XX-4rSfi^O — Sfi^- 
t*fe5. @7©AlcSJ*l,tl'5q u a d/<-^ f-700 
14, X-^r 702 i, 27706 43 4 O*^— ;7 W^-708* 1 
—27 7-f—7U K704 tJrtbtl-' 
5. H 7 OB (C^$4l,XI/'>5^—7<—X K710 14, X^< 
7 702 ir. ^27 27706 *34O'x —27^5^708 

7^— 97 4— K704 t&f LTl'5, 

[0 0 8 3] 55IStC, @7©Al;^$tltl'5q ua d 
f <—x K700 14, 2o©y<-x ^-fywSintot 
30 £>y , ^2 0^01413 7©Bl:/f$Jx-a'5^-y<-x 

h710 XfoSo i3 2*340*3 3 t/T$lltl'54 5 
1C. qua d'<—X h 700 14 , 4 oco^— 2? -fe7l-£r{%*# 
t5 4 oiOx — 2? 7 -f — 7U K704 Sr^L. —#^—/<— 
x h7l0 14, lo®T-^tyi<Sriloio©T-?7-f 
—7U K704 ^r^LTi/'S. €-r — 27X7H4. ^^27706 
ir-25^^5^708 t ^••^A/X*l/'5o — & 7 -4 -71- K70 

4 tfiO-x — ^-fe7H4, ATM-fe7U (0 3 2) S7cl44#BU 
\Z7ir—7 y Ht^4l7cTDM-fe7l- (033) iOI/'-f4l 
T-fc5Cii*t#5. 

^ [0 0 84] i7'(y!?-:7x'(X7y-A7i-77 

&*!#$[ 14, •€r*X#ATM*340*TDMr — 2 ? <o 
fif«rfiilt54 7lc:M$ixrv'5ri:tfo5„ mm 
e*3^ATMX7H4, S^a^gU^f-cOfcJOiT? 5 /-W (-i7 

— 27c0fc*y<O4 8-'<d' h t*‘bi(e-5 5 3 '<-( hX*#>5fc 
fc, x74’y#-7s-(X7y-A7<—vy h©#7 

— 9 7-1— 1^ K704 (qua d'"* — X h*7c(4^—7-< — 

Ah#><0) 14, 5 3/*^ hE(±rX£t4iXl4^bi(C 

l/'o LTtaioX, !/•( y^-7i-fX7ly-i7i- 

•7^ ha*TDMr-cS'Srei^LTi'S^-g-, —^ 

5C7 X-f —7U KtC45l/'>Tjii'8-bXI/'5 TDMX7U'b^fc, g 
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£j>*5 3'W hEli'C-i.S. 13 3IC*5l/'Tt&ffl-t-S 4 
?(C, 9— 7 7 -4 — 7k K704 rtttSlXSTDMt/l/ 
14, ATM4?7k£:PS5fc:, h 

isX^y — 7 <r>tztbiz 4 8/^ h £k' 5 *IJj« 

tfS£,5 0 9—9 7-f —7k K508 SriBfc-TfcfclCj&St 3 
tiiTDMf-^roD SO 999^(774 8 74^ H;±o 
T. i7'fy^-7i^7U-i7i-77 h Og $ 
#8:4 So **£<774 5 »■!, X — 9 7 4~~ 7k K704 &?Sfc 
t«tt^T-!?«rtyy!J >9i-Sfc«>lc. gS# 
6 m»£iL±^ttWiX«*6,ftl' ( 6m»Wxr 7 k-4 
4><774 8 (@<77 1 2 5 xi # (8kHz) (77 74,k;* xr — Kgf@(PC 
M) 9 k — 4fc*flS:b-Ck'S) o S!tf#l4. -99X71 'fr 
(&&£*xSi£g&gHT-#. UfciSoTS/J'O^r-f^ 
9 —9xi4'739k —49 *—£ 
fc£!c;*ixfck'o ATM-fe/Pfeit/<t#SUIiKH-$nfcT 
DM-br7K7?«i£i3 «t U 5 <77flJ/£4r £ fe tl5 fc£> 

fc, 03 2J3iU'3 3&#ISntl'„ 

[0 0 8 5] 9— 7 7 4 — 7k K704 43 4 0*73^9702 
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TI/'S. Quad DSI/AAU S S I ^bXa — 
yu2OOOtt0 l 6flSi 9*#SiL-Cift9]£n'Ct'S4 5 
££ 7 yU-*|Bi£-fcyU/ 4*2002 i, -t?yK@J®-fe 7 X a >2004 
t. ATM7nt7ft773>2006t, 7^?V^t 
7 >3 >2008 t, Xn -fe 7 X>7 r_ t 7 '> a >2010 i:, 7 
-f>-<>7 — 7xf7t7'>'3 >2012 i *-^>b"ei/'5o 
-feyL'®lffll-& 7 >a >2004li-lryU7 3l —7 7^2014 (ft-^- 

7*-7y7HW) £. iift-'<7 7 7 20l6i, §fs 

^77r2017t, ®Jf@^3a$ie2018i: > PCM-07- 
7id'*^a^S2020t . ATM^7 7 7 20241 *((hX. 
Tl'5. ATM/ot 7i)‘-fer7>a >200614 A A L 1 
(ATMiSiSU'-Y-tl ) SAR 2022 t AT 7 7 7 
2024*^A/'Cl/'5o 7^5; >7-t 7>a >2008(47 4' 5; 
>7t^a^S2026*®x.TV'.5o Xn-fe7'>>7-fe7> 
a >201014 vf7nynty ih2028 i:7 7 -& — i7/< 7 7 
7 2030*^Lri/'5o 7fW>7-7x-f^t7v'a 
>201214 4 00T1/E17 0—7 2032 i: 4offlTl/ 
E 1 4?— f-2034*eS/bTH'5. SfcTDM^*2036, U 
TOP I A/472038. /4y77 b — KS'P/4* 2040 (PC 
M/4*2040i <blEF^) , C P/<72042*^tS‘g£oa><7}^ 
i^/4*'b^^iT'CI/'S <> 

[0204]Quad DS1/AAL1 SSIE^ 
a— yU2000(4 4oOT 1 7-(>4fcl4E 1 7-O^ia 
^>*rAt4'>7 — 7a4'*-r5Ci:Sr‘5Jt6ors ; & 
v'x-yir-fcS. ^7 KDS1/AAL1 SSlfv 5 
a— 7M4-* a ryMSiS^e--- h'SS I ^-7x-yuT-fe!3 . 

*7h'DSl/AAL 
1 SSI IE^a-yi/|fcl4* 7KDS1/AAL1 
ATM SS IE^x-yUcl^H'T. T DMT-— K 
4&I4ATM AALl^-h'tBMSiptifil^ 
nsr t*tc»-r-5o *-7 14D S 0 >/<yur*D S 1 
(Tl7f>) C*U4 2 4 «7>D S 0 *■& 

Ay-CO'So ^5(5SWC047 7 KD S 1 TDM SSIE 
5/a — l\'£fi 7 h'D S l/AAL 1 ATM SSIt 
s?3.-7ua*#£-f5#. m— 

OA7FDS1 TDM S S I Ev'a — yU 14 Q u a d 
DS1/AAL1 S S I 4r V* a —yl'2000CO 4 5 4> 

7 KDS l/AAL 1 ATM S S I =e i/ a — yur-fc 
5 4 5(i«j££n5^ il4-C*#/it'„ #Jrae<)(c. 
ns* 7 KD S l/AAL 1 S S I E-S/x—yU2000(4 
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K3r7l-'<;*2002 1 -f 

3 ?lc«fi££lx/£ttlu3&bfti'o -tEorof-^fi 
/<o jt,©i o £•*)•— 3 5 l-*8llS££ixS 

t. Quad DS1/AAL1 S S Kv'i —71-20 
OOtt-tiO h y fc yf^-f/<0^4r*&3a-rs„ Lfcd'o 
t, AyKDSl/AALl S S I ti^a—71-2000(0 
Kr-ta^-rs., ^r<DftfcOIc, * y K 
DS1/AAL1 S S I ti'a—71-200013 Hi ffi-HC Pi h 
7 t y ^-f/Sr-y-tf- f«-fS3 5 
[0 2 0 5] ATM^E—h y t y ^ 
!3Quad DS1/AAL1 SSI ^tis —71-2000 
-"AS. 7 sui-mm-tsi"* X20 

02&iM'iX-£jU7 * — -V y ^20I4^SJjif-#'5. -vA'f 

it-fe><U/<^2002l4ATMt TDM t COpi^CO h7t^ 
&(£i£U LfctfioT (/<7a»gItLrt«ti 
S) -v j/^2014l4TDM-feA'£:^SLfr;a'<b 

ATM-t/i'4:ittlt5 ^ t «!t-# #5D6() 

tc, X.l\s7*— 7 y ^201413 S S I ^E-'/zr.— jUjUJ's# 

— 7*. 4 7 £1l'C1/'S4#^<0;!jdA#£- IWii LfcAT 
Mi?7i-£^;&g7,£ATM3?7i-<fc &EBiJT-#ft«:flxl3&b 

St)® Lfc 3 5 tc. mtotHntix-T'O* — 7*4 
*)!>>bai!I#S;fcf.lA5 h7t y 7 14 3 OW 5 *><0 lo<7? 
fie-Ktfcs. i oco^#^oitRi*^i43ir-r 

— 7 77 U — A7*-7? KOt-7t7^t^i/a 
i-'fOg'pl^- — h'(0 5 *>co 1 o/ctf tfiHL, Lfci'oT 
£>■5 h y £ y ^ (O^tf^yyi-^^Ei^^e — K-fc7i-'-6;*2002t.L 

£ff£lxSo £ b/, ffiP^ixfc h 7t y*l3**JES-TS 

S S I 

[0 2 0 6 ] -t^l-/*—<? y *201413-*' sl'J-fc&X— K 
-fevl-/<;*60 I M—C om-tr*v-3 ><0«fiJc^4x7t^d'A 
-tlU^oT/ y-fe — /'< y 7 y 2030 
y-£ — '/V/-&71-&B fcf— L, CixIi-x^-T 
/^-)RAMffc5. 01 6 £r#B£-f Sir . -vA-^IS 
— h't/U/<7tg^^)l54 s S I 

£ixS I M-C om-tr*'>3 ><D<®m<K> 
* -f J*7 n 7 h •Sr^’t'S C t i 5 l?;6>So Lfci'o'C, -t 
7H7*—*- y*201414-t60 I M—C o mi? * -> 3 >604$ 
^<0*-f J*7a y h (O^-iSr^tfo IM-Com-4ryl>i6>6 
(O/ y-& — i-V/IS-v -f ?B7o-t y-y-2028-HSj2££ 
lx. -tlUC J;->tQ uad A A L 1 SSIf-7a- 
71-2000(O-v-f * n y” n -£ y-y-2028l3S(*9SES6OC CMi 
lOgjf^^rpg-rsr y -f * n -7 a -fc y H20 

28I3M4>£ y h b — K (RISC) yntp 

-y-T?<fcSo 

[0 2 0 7 ] i?7 l/7t—» y *201413-7-71-^ h7>^T 
a— ->)-#— f'^e— K-fe7L-^<^<OC B — 7 — *4?* is 3 > 
a>*xo f-7 t y*-l?7Mo5b>lflx£J^U ifix&*S4# 
f Sd'SrStS-f SfctfxOATMT K*-7A7-i-7i-^ D >/ 
£Sft5&®;jJ-f3o ATM7h>77^7i-^!;y^4ri3 
0M3 6Sr#iUrSit5. 0 3 4 7?/7^ixtl'5 
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VC I &3t/ —//l-{3g{f'<y:7r20174’UH£®£lX. 
ilxtt:**^-* y^RAMt'fcS, 

[0 2 0 8] 0 3 075M3 6-C^£ix-Ci/'S3 51-®#) 
(ci®J£ £ixS A A L l ATMt7i-S: h7t 7 ^-t/i-i! 
^/btfl/'Sfrbli. A A L 1 ATM-feT7H3 h 7 £ v * 

3T71-60/-S y *d>b#fS£;iX, =*■— h trr'<*2036IrSt 

A A L 1 SAR 2022 (t^^ 7 MK*5iy !) 7t7 
/y) -'(Sjg^lx, ;:t-AALl ATM-tr7H3ifi:*U 
7 — *d£'"-^&£lX. T l/E 1 7 7-72032-NjSbn 
10 So PCM-T>* — 7*-r^l&SSSS2020l3ATM ; E— 

kt~k!h£ ix ft i' l .& (- atc-r -< # •? &> 5 » atm/^ 
7 72024 (7^70^RAM) 13 A T Mi? 7l-&7< y 7 
T-fSfcfelc^^ix, -£rix{c3o-crixbl3'</y h 
tcfft/ffilcr bix, -tlx^r'lKOT 1/E17 > —-*-2032 
-^iil bix> 7 U-A25Jgfi££ix, ttt‘)xi7)Tl7'1’y 
(S7rl3Ely-r» ±r*T l/E 1 d?—K2034?riiC 
TJnA#^i^(t^lx5„ -x’-r ^ n/B-fe s/1h2028l3T 1 
/E 1 7 1— 2032*'b-& 71-7^—^ s'^2014*3 3 O'A 

A L 1 SAR 2022-^60-7^—-f*5„ 
iV7 [ 0 2 0 9 ] 7 — ^«EI3T 1 7-T > (^fc(3E 1 7-f 
V) i‘6)T l/E UK- h2034i:T l/E 1 7 7-720 
32ICAS h7t 7^ig»ffc5. ■/— ^I3T l/E 1 
7 l-— t- 2032^ 1 b A A L 1 SAR 2022-^*1. A A 
LI SAR 2022X* h 7 K y 7 l3ATMi?7i-^ 

> h(t;^4x5 0 ATMt7H3a- f- tf/--<^2036-S:S-C 
-&71-7*— -V 7 ^2014-^j^biX, K-t71- 

^^2022(C^S'(t;$ix56OSr^-r5 <> / y-t — /-”<y 

7 7 2030l3SfcATM-fe7i-4r-^7i-f-|gEl ; e— KiT777-<^ 
2022-^-ttg$-fr5(O{C£.^^-7 y f 1'5. 

30 [0 2 10] TDM^— KflfttSit, -fe71-13^71- 

^®iS-t77^-<^2022-'ilJ® L, 

— K-&77/<^(0#^ -f 1*7 a y h!3l 0(0-fc7l-'£rfei^'t' 
■So -&7I-7 ah — -7- y^2014(3-t7l-^^2022d‘b*SKp-r'5 
3r77Srft^-r5o -7 77f-|HE*-t7y/<^2002d»b§:(t^ix 
fc-t/a-—7i-ffiiSf§/ y -fe — / ( I M— Com) 13^7 

-t? — 5?/<y 772030=tMX^ -< M,7 R 7>'ir±/l'7^—7 

y ^20I4(Ctei£-r-5o Lfci^t, -6T71-7 ^ y ^20 

1413 if <0-fe7l-}aW71-^^711^— K3T/77^^2002P , 8(Oif(O 
^-f A7 u y K;5>b=> kf— •? , 

^0 !|#^(0JaA#^e6 ( )i:-t'5TDM-t7l-(0*.^=i tf— 

So TDM^HStmt, 7 7r2017-^=> tf— $ 

lx. LlXttTDM-ferpi-i'^— ^-t/y-C-foS^bliTi^x 
fy^RAMffcS. -&7i-7^ —y^2014^-fe77SrB 
tf— Lfci:^. i4 4^$5 0roTDM/<7 77^i 
UT^l^-r S3 0 I-C4xb(0^y ^ SrD S 0 
(PCM7-V/^-^iOfSi#) „ 

[ 0 2 1 1 ] Fi-JDWI-I. -&71-7=1-—vy ^201413-/— 
7r2017-'-Sg^y ? L. L1XI304 675S 
49TJ b MIB« ^ nr !>' S3 5 lc-t7i-<D^ -f/lcg-3 
50 l'T7)if^7?RAMffcSo y 7 7-2017133: 
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fc-t/7 -< A7 n 7 f- Sr-5rn-&*iXi7)T 1/El^-f 
A7n 7 h—-7 7 tr>/'t'5itS!><0 7-'f' 

T*^'5o jE^i^^raT*, PCM -f V* — 
g2020!4T 1/E 1 7 4” >-£3-7 4' 7 h WiESIfr 

^-7 (P CMirS'T'/y >•/) &»tiiL. Cti&DS 
1-^477 L. P CM'<720403:&TT 1/E 1 7 U' — 
-72032—itffL, HT‘T-^li7l/-A|C$tlTl/ 

E l 7 4” veitfi £ ir 3» 

[0212] -7 — 7#£I4T 1/E 1 7 4" i'&Ji'tQ u a 
d DS1 S S I Xi?*.— 71^2000—PJlF-f-5 TDMf 10 

[0213] 7 4” ^ >7'-fe7'/a > 20081474 ' ^ VT’il 

3&g2026«r£>U-T*(A3. 7 4' 5 >/Siagig2026t4m 
IWtWT’D/? ABTfgftftaglg (CP L D) t 
y? /U—-? (PLL) 3rffx.TI/'5 0 Quad 
DS1/AAL1 SSI yH4#‘»7 4'^ >/ 

Sr^/l^ijEit^- — K-fc/l^4;*2002A»fe3:ft L. L4U4lifr 
ifiLfci 5 S& 

^tco/b 

7 7 &+#tcmsn ica^-r-<#i?fos 0 20 

[0214] Quad DS1/AAL1 S S I 
3 .— 7U2100. £ fcli^^tL-ci/'Sftgcofifecn s S 1 xi? 

AsT-mm*— K-i?A-'<72002&-£/UT* 
i/'5ii. -7 /u^IEbI^-— Kiryi^^- <r>4i/9 — 7x>f 
*«r£AyTH'fci,'C. £ [C|g®-r5. K-t-r 

jUs<7it, S@iSr5if^(c:-f'5fci()iCQ u a d D S 1 / 

A A L 1 S S I Xis*.— A-21OOi:l0 2 57iS2 9 CO# 
WftilOS S I Xisa.— /H75—t|5£ LT^^ixT^'S» ir 
7U7 3f—7 7^201414 TDM h 7 fc y^fc^VATMt 
ynfer l m&i'T.'r J*&&X&^-f Ztztbizx A"^7 * — J0 
•77 hU. U:iioTft7^-7y? iWtfnSL 
£ fc&Shr^-e&So if7*-77^l4fi*«SS 
I j\,xtiXs\s7 * —7 7 7 £ Lt, 

T-14 ft# 7* —7 7714. CTx.l4/'/4S5tcfc4:VMRi* 

AK>#<Oftilco = h ‘t'tcftg^ixS ~ ti« 

t-# 5„ «fc 5l-l. ft#7si-— 77 ^ 

(#MC-fe/U7:i- ?y^) teM&ofcKSit-^—Kft#£r 

l*f£>77 ASrig-ri^ft^nS <73(CjgLfc7^-—7 7 40 

h (#/!') — 7d- 77 hffc't'S. 

[0215] ikldll 2 3, 24 Sr#.^.-rS £ , 0 2 (75^ 
y«®Irtgir-Sffl$tl5TDM-DS 3 SSI 
Xi?*.— /U2100(D/n 7^lt!^^$ixXI/'5o T DM — 

D S 3 SSI ^e/3.—/U2100f4-fe A-7 * — -7 7c?2102 

(ft#7sj- — -7 77 £ . ^7t-'7/<77 

r2io4, ®JW®aa$sg 2 io 6 , fTiftaa^g (cpu) 21 

08. 7 p B-fe 7i)-/4^2110. itftP CM/< 7 7 72112. it 
fi'>//y >7 ''-'7 7 7 2114, gffP CM'4 7 77211 
6. §:ftv'/4- y y/^7 7 72118. PCM-O)'-? 50 
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3 4" 7.2120, '>77A^<72122, t?^;Hl/E17 
U-—72124. 2 8 T 1/E 1 7-f ^-2126. M 1 3-7/Uf^ 
/ >7 #2128, itft/gft^ >7 —7 3 4" 7gSg 
(TX/RX LIU) 2130, A — /✓< 7 7 2132, DS 

3 -Y >7 — 7 34 " 72134&-iiAy'T?t/'3. ££:-7A#teit 

K-trAA«72i36’bjj4£n-0'5 0 
[0 2 16] TDM—DS3 S S I Xi> a. — A2100 
(4, $5i£^ 7 h 7-7—<7>&i£gD S 37f>i4 r >f' 
— 73id'7-t*5fc*t). 1 t#'>y;7 A(75:§-^-/4g5t-CM£ 
fflJflSTDM^-^roSS I ; tv ; a-;l'fj35„ TD 
M —D S 3 S S I Xisa.— A2100I4 1#£'>7 7A £ 
^7i?-7i'f7t5fc»2 8Tl/El7'f7 (28 
DS1) Sr^tfD S 3 ^ >&D S 0 >^<A—77A# 
/l^77-t-S 0 IfetfoTlDM-D S 3 SS I^y 
3 — A2100I4 3/ 1 / 0 -7/1L-Cffif^-f- 
5„ T DM— D S 3 S S I A2100I4. 1#£ 

■>^7Atoffio4r«TDM h 7 1 7 7&fjaa-t"3 x 
51-SfftiX, O C 3 s ATM SSItya-^ 
(12 5#%) !4l#£>77.k<‘:CO|I8cO:£-CCOATM 
h 7 fc 7 7 Srfaa-t-S J: 5 t-Ktf ^IX'O/'S. 
[0217] •7yP^^Eit-fe/i"'<72136A>?3ft-#^§:fff$ 
ixSi:#. X>\s7* — -7 7i?2l02l4, 

rt^groc pu i ccMP^iTj-r > 7 —ybiifgy 

7-fe — />/ ( I M— Com) Sriao-C^yu^lgit^- — 

=> tf—t5ci $4 t5 0 L 

W#-#, -fe/>7st-—7 7^2102l4TDM-feyi''Sr*t^pL. 
ATM-tyi'ilrJ^^-r-So iryU7si-—7 7 ^210214SfciS 
I M-C om-t?/i'£:CPU2l08l::*|--t'5 7« 7-t — / 
^7772104 (Ta7/l'#-hRAMTfc5) —b f — 
t5o TDMt/H4PCMf-^ (£jtl4P CMtvy 
;u) — /*7 y V/t5„ P CMf- 

^l4gftPCM^<7 7 72U6{C|B®^4l.. '7//y 
(-^iS-TSPf (CAS) coi 5^'7/4-y >/l4§ft'7 
//y >-/-'<7772U8tCl2®$ix5. 

[0218] @3 3*5J;TJ<4 4 t 4 5 {C|E« ^4fO'5 

4 5lC, ^TDMtMS, TDMt^PCMf-f't 
•>//y 7?^— ? tcDm&Z'S/uX^'ZcDT-. gftp 
CM '-*7 7 72116<kgff'>/4- y >/7<7 7 72118 i CO 

7 7 Sr^^^ix5 0 7 7 7 (2116. 2118. 21 

12, 2114) I44t7a7/I/-|- h 77¥b.T "E- 

y (DPR AM 11)^14415) -t-feS. 4 o<D^< 7 77 
(2116, 2118, 2112, 2114) 1404 4, 4 5-C^^iXT 

i'5j; Mm.<n-mxsbz>z.t\z.mM-r'< 

%XfoZ 0 

[021 9 ] TDM-fe;H4i4 7 Tb^.4 9 

5 X 5 tc-Kg^ix5-fyi-^4'7 p (c Lfc*4or ^ f>fc^7 

[0 2 2 0] PCMf — 7if 7 2120l4gft PCM 
• /< 7 7 7 2116t§:ft'>/ / y 7^<7772118 [ I I ©PC 
M/—^^rDS I —7477 L, Lixbl4'>7/A^4^21 
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22 (PCM/U) SrilX/:? 7y>T 1/E 1 7 >—^21 
24~-i£ft£n, TUfcttEliLT7l/-A$n5, 
PCM'fy^-7x-f72120BTDM-DS 3 SSI 
X '/ a —y>2100)8 IC#JgiJ|CKif £ tlTz# 7 f 
Sr^Of LXV'3„ 2 8 <DT 1/E 1 >2126l4-er<D 

Ml 3 -yy>^/ \s 7 i)-2128t-l <fc t) D S 3 7 -T 

Ml 3-7y^Z^-*2I28{4^?iSfftfrDS 
3i6»ibD S 1 ^CO-ryu^/U^D-T-feS,, TX/RX 
L I U2130I4DS 3 7^ 7 xl-< 7 2134IC43I,' 

tDS37'(7H7^-7x-f7tS. CPU2108I4 
yot 5-t-'<^2110IC < t 9 TDM-D S 3 SSK‘7 

y>—/'<y 7 2132l4f£l&a[ft|C-{£.ffl£n-5,, ttiDlftlCT 
DM— D S 3 S S I X/x. —y>2100lC*t-f5 4"( =: V 
/l4-7y>0"|gi£x— F-£jus<*2i36ib>tbm*k£ix?>o 
[0 2 2 1 ] fSEigh (7 — 7;S»lb-7y>^iSEi£X— K4r 
/U/^^2l36^(D*-[fi](7?-7 ? —^i5fEli¥(CSirC-feS 0 D S 
37-f >I4 m l 3 -7y>^/>7-0-2i28te J; t)DSi 
S^^ns= 7l'-(7W)Wl/E171/- 
-^21241^ J; 9 D S 1 *:<D&P CM-f 

— 7x-( 7 212014 D S lS'bDS 0 y ? 

tl, ( P CM/—^IC^J-LX) i£f§PCM^y7 72U2 
14 {i/if-t) 'Sif<r>tz$>) iUff///!) >-/'<y 7 
7 2114-'j£(bi'l.'5o t/l'7t--7 1/^210214® 3 3±5J; 

O' 4 7 75S4 9 le^ftXI/'S «t ?l;D S 0 SraftSUteK 
ff£ft;fcTDM-iryl"-^y;J>' L. tei£x 

— KXy>y<72i36~-£j6-ffc£iT5., 

[0 2 2 2] £blC, -&y>7 * — -v y^ 210214 ATM'-" 

s/^ilS^iiSSSiSU^ (VP i) SrTDM-t?yH73~.y/ 

X7 ->a lylCtitg^-tfr-S,, Cixl4® 3 3 Xp^Ble^i-i, 
Tl'5. 3L;h.lCj:oXitl5ili85tc<7>ATM'-<— 70S S I 
ti/a-ynx) ATM7*-7 7^U, ?a-o-£ iifc h 7 t 

y^A* <BPfc'7 7l'/fiiBX— K'<*) ^(bgff^nfc 
ATMt^tTDMtyutl:#SiJt6-ii 5 l?f 8. -t 
9 |C, ATM-feAtTDMt/HJ$P,l;y'fi7' 
7>Sr-6tE LX#SU£ft5e£a*X*#5 0 LA»Ufca* 

<b. e.ni4£ (blcBSPBSrfU* U Jait-T-i)!!, 

(7>y y-fc — /«:i&S £-*-*. 

[0 2 2 3] t^7t—7 y ^2102ia^*:ia 4 7 75^4 

p (c-feyu^-f /*3J:U<if;g■5116*iS 40 
flEleg-4i,'TTDM-try>$:7 at- —y h-f5„ Mi3?#l4 

ny) fcot'-r+^lcia^i-s C £14 Lfrl'. 

[0 2 2 4 ] &|e®2 5Mt5t, M 2 (DUffitfm 
r-^^nri/'5 iytt£-77.7^<Ditci«;fc£fci4^/* 
*fttIJn5:iWT-i5ATM-OC3 c SSI 
X/x.— /uoyc y ? ATM—OC 

3 c SSI X/ a. — y>2200!40 C 3 C 4?— h2202£ , 

D S 3 c #— K2204£ , % h 7 'si/— '<2206£, DS7 
-(7-1' 7^-7x-(7gI (LIU) 2208 £ . P h y 22 
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10 £ , ATMy4’>’i3j:O t ^y77 < ffg^g2211 (£1 
AL BM22Il£P£.£) £, -i? 7 >Zn -i? y!)-22I2£ . 
-try>/n-fe yf4y7 7 2214£ , y 7 7! : 3Bli£®2216 
£ , y<y7 7 fl' , ' ! 7 7 72218 £, xx — h U7 I I -'<7 
2220£ , uP'<72222£, ATM7at-—^y^2224 (- 
J&ttleft-£-7*-—=^ y^£ t>^) £ . 7*-vy^ 
y 7 7 2226 £ , PCI/!) y /2228 £ , A A L 5 SA 
R 2230£ , PCW<7 2232£, (CP 

U) 2234£ , FX/l"<X2236t Sr-&,CX* 
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/-<S:>/&£blC0 1 4. 15-?Rflt5. 

[0 2 6 9] *f—$m i4T 1/E 1 7-f V*»lb-7 7U^$g 
j£4=— KSS I "E-'/a — /L-2500t-7/u^|E^^e— Kir A' 
^7A2502^3tE5*(6)i jESjfctfija. 7l/-CV^«®[ 
l&d'ft, -7/ty>^IJDSli'f.OTl/E17l^- 
-72554IC4 9 tttiJ^ixS,, $ >/-ryu^/U^i)-25 
52I4DS 1 & POMES'7 7 fW£Sg2516~£$-(li-t- 
5. PCM^77riffiiSS25l6«;DS l^rDSOBptj 
PCM-T-i?*5j;(J<'>//y >/-r — 

F8U, 14 4l:ia«^ntl'5TDM/<777 !) 
Lti5otDS 0 s' 7 7 2514 (Fiili3 2kX 
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3 2 SRAM) izSff'^S' 772514tt*-f6] 

nfrtt r*fo 5 fc'147 7 7 2512 k 1381 -t 

•5. TDMt/1'7^-7 s' / 2504140 3 3 , 4 7, 4 

8, 4 9 od S o 

if L, 7« 7-fe —7 7 2508ldSBtg$nTI,'S^'l'A 
~/=7 7ic LTt^ora§)7£^pai^-7/u^<E^^— K-t/u 

-'<72502-'-j£fff T DMt /U 7 d-7 s'/2504!4 

D S 0 4rS/iofc-fc7l''S r -P/tC'^ s' / L. / y-fc — 

S'7 7 2508t*3OPCM-7 s'(PCMS) 
*<£JB LTi£ft£ix-5sr-/lcj£ CTj§ffi£r&/Hc-f 5 
(TDM^S'77 y >'/&lftSS5LTl/'&0 4 4^S5 0 
#S0 . —S. K-t?7i"<7 2502_L 

lc#4t5i. ftfia?L.7c4 3 tc^irfcliitPis^tcio 
•c^fs^n. i7-(7)'-7x'f7 (SS-f^-?! 
•<;*) 

[0 2 7 0 ] ATMh7t7K-B, A TM-tr7U7 * — 
-7^^25061403 4 4540*3 5 id IE® £4vT l/'S ATM 
T K 1^7 7 y L, 

K-fe7l'-'-<72502_hOTDM-fe/l^d^ ATM 
20 -fe/u4r#SUL., ^ b{c-to*DA#(i(S](4Tj^fe)ixATM 

ATM-fe/I-t «r#SU-r5<. ATM 
T KP77^;^ y /S^I5I4StAAL 1 t/kiAA 
L 5 -^ll'k Sr#S l J't' -So RAMT-fc5ATM?-fA77 
V45 4U«7-i-/i^y ; e y 2510140 3 4 43 4O ! 0 3 5 
JtlTl'5£.g!iATM7 KU7 7-f 7U^ y 
— //I'Sr^AyT-l/'S,, ATM^-f A/7 41/7^71- 

y 2510l4i:fcATM-t'r7l'£r-7/l^$gi£;E-— h~ 1 ?A' 

-'<72502^-#Atsfcfeo^-Y a/ 7 >Sr-g-Ar-t'5o 
ATM7*--7 ;/ ^2506^1 ATMi?/U'£ri?7l'/<7'-'-7 S/ 
20 T'-rSfcO^'f a/ 7 >&(£/B-f5;L 114, ^Jtsa^o 
ATM^-AOSS IEya-/liaiiotl'5. AT 
M-l?7H4^'y L7cii-oT(5jH^ix5 of, AT 

M-i?/H4ftMWtdd*lib;6 5i l#SO^'f' A^n y h#lST 

ro4#ii 

BCdfl^jn^ttOATM^-^OS S I ^E'/a 
—7HC&TI43: S„ 

[0 2 7 1] -SATMt;^§Mi(>ii5i, 0ES^ 
7 3 7i)"f7 (CES) 04)(£AALlt 
7^14, ^103.— f> 6”7 I '<72520£r££T S S L 1 S 
40 AR2528 (-fe/7« >-Hb434D s y r-fe>-/y) -'a tr— 

£*1. — ^r, 7U-At(iiit7H04)<CALL5t7l' 
14, f 2 0a-MP7 I/<72521&ltAAL5 SA 
R 2524^3 tf—^ix 5 „ A A L 1 SAR 2526iA 
A L 5 SAR 2528 0p5#l4^r4x-? i iXAAL 1/<y7 
7 2530t A A L 5^-? v 7 7 2526&(g.ffl LtATMt/^ 
^7 L, T 1/E 1 7-f >£gTi£ff 

■5. AAL l-'<y 7 7 2530 tAAL 5 ^ 7 7 7 2526141®] 
ti<)l:A^777?RAMf#)5. AALl/^7l> 
{4C E SS34U ! C A S'>//y CESv^y 

50 T7i^^<7 2548iSrilo-C^'I' i >/-7 7i'^7' U- 7 i)-2552^ 
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A A L 5 SAR2528I32 5 6£-C*<03X 
*(S]CES+CASf + ^/u4:ti)?'-hL 1 &A 8 ®co 
T1/E17'( VP^tO® a <T>$ h tSIlTfe 

ix5. 7A—Atc$ih.ri3(,ff 

A A L 1 SAR 2528(3 8 fiBT 1 / E 
1 7't'>'rt't:*8®^t : i752S(*-(fi]CE S^T^/HSri)-# — 
ht5„ A A L 1 SAR 2528(33: lit ^ T *7Wfc; £ iX"C 
$3^1*. 7 U — A|c£*VO'ftl,'T 1 y <0|^)H3g® 
(SRTS) Sr-thtf— N-t-5. 

[0 2 7 2] A A L 5 SAR 2524h£ A T 7 /0 

l/—-k+Si^/ 7 McML, PCI /^.7t2540lC. 3. of 
HDLC — ^ y >^$Jf3?) $<JP2£g2542^ 

(Sial£;h.. hli7l^-Atl 

v- y 7A"<;*2546LL3 0 #4 ? U^-y-2552 

'MSig^ixS. y l^flS. HDLC 

$JW$Sg2542l3 8 ®COT 1 /E 1 y^rtfl 2 8ST‘ 
iO;R 2 j[r!H DLCft^'/l'^f'#— h"t"5o 
Jntl'i:l/' y V:? f 13, HD L C®J»^g2542l3 8 ® 

COT 1/E 1 7'C7rtT-8flt-n»|S)HDLCf + 

-t,/U&•+>-#— hf$„ 7U — A 4 >£i/^s> hli^Y 5 ^ -?0 

/MUX2552IC 3 5T1/E17 U—72554/"^li{fc £ 

*x, T 1/E 1 7 /f 's<F> o t,<0 1 o4riiof i£ff £ix5 
fci!)l:7i'-A{^n5. 

[0 2 7 3] T 1/E 1 7 'i'sfi' lb 7 yP ^ IS slf — KS 
S I =£isa.— 71-2500-^ CO ATM h 7 t 7 7 |.1*)-UTI3, 

S. 1/ if Sl'^T’ \s 7 D - 255213 A A L 1 h 7 t 7 ? (O 
A A L 1 SAR 2528^CE S/*/ 7 h 4r<5i£f 5„ 

< ^/-7 7U^-/ , U^-y-2552iS7 U—t-.'PM h 7 fc 7 
^ (A A L 5 ) *HD L C$lJW^g2542^i2l >) . HDL 
Cffl®£Sg2542IS^&5^T^Vl-& , i : S-f5,> 7k-A J 0 
hllATM-fer/Hc^s/^A^^-Bi^iTS 3 5 
ICAAL5 SAR 2524^-iSbiTSo ATMt;HJf 
IOb.— h tTT I s*7 2520 4: Si f A A L 1 SAR 25 
28a>lb. S7LI4m2 <03-— h e'T I ^<^.252lSrSTAA 
L 5 SAR 2524^‘bATM-fe/l'7=l- —y^2506^ 
mbtlZo ATM;?/ AT" 7 JilF7 4 J 1 '7 7 X-) 25 
10l3ATM-i?/l/4:7VP^ljEi£f — 2502^3 f 

—-f A/5 vSr^/L-t?X'5>„ ATMt;i/7 
,}-—7 7 ^2506(3f/>!/'<;* CO-f /Uilff;? 

-fA7By h ( I M— Com) (C T 7 f 7 L ft'/.*: l/'„ 40 

TDMi?/l'7t-7’ 7 i'2504f£^i^Z(D^m^MX' I M 
-Com^-f A7 b y f-m7t —?7 hSr^St5. A 
AL l-tr/HSiiJSKTttCT 3 y <OT*. AAL 

1 SAR 2528A»ib<0-tr/H3AAL 5 SAR 2524 

d‘b<o-fe7u«t y K"fe/p 

[0 2 7 4 ] 12 9T?^$tXTX'.& 3 ?LI, -7/U^Ijgi£ 
t-KSS I fv/.— /U2501l4-ftfc> y M. 4I0OT17 
4" y-f V;? — 7 314" ;*2554£ 4 ® (O L AN® ®^®2550 
«r^-f-So LAN®J®^g2550«'f-i)-^y f-7 50 
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-if-r^vy 10/100 ^c—7*.<OT^gc£U-jtf — hf £>„ 
£*t(3Tl 7 /f £3 y t,^< 

-f 52niA#Sr-y-^- h-r5fca6tc#xt>ix5 0 LAN® 
WgSg2550l3AAL 5 S AR 2524£ <0®f {SiH^n-S 
10/10 0-<-7©T K 7 t y ^dSE^rSJO't'So 
[0 2 7 5 ] -7/P^— K S S I f v/ —/I/250033 

3 t7250L<O^f <0$lf6!0=i >-#—/->■ h4r+#t£ffii9! L 

7LC &>&. CiOj; p/£3>j3f—h 

[0 2 7 6] £lbtc. F-t/i'^<^2502:6‘ 

>b<O-0:tC<O^4' a y HiTl/El7-f XOftKcD 
DSOt-ry^^^SCt^f#, £;fc, 
7U?-/U'^^2552l4ATM^4^r S / hiTDM^y h 3 

<o®;#4:£fi{t;-r5<of, m— ©Tif'fv (£fc(3E 
l^-fy) I3D S 0 l:iy ~7\s—9 • y c> C i: 

Gf'J*.l£ (T 1 7 / f7W24©DS 0©5%) 
f l©5fflODSOIJAAL5 t- 7 t y if (7 1/-^4> 
Si) S®10i»DS0liA 

AL 1 ld-(gj¥l ^iX. M«9i©DS0ttTDMh7t 

{c*3V'T7iDA#{c:^:# <£7^-77/i'ttS:^t5^ii5 
*5. 

[0 2 7 7 ] [ATM7Kl/^7-f;^y V/] @30 

13. ATM h 9 t y ^ }d5/N/4g^<OgI 2 1 53^3® 

ATM— OC 3 c SS I 
ti/i7C©ATM7 'f y^- 2 6 0 0 XM'lf £ tl 5 A T 
M7 Kl/7 7-f/l')' y V/S^iO/ci 7 
<OT^So @3 1 13, 13 3 OKPiS-fS ATM7 

K V 7*7 4 IV? V ^/aflCOV'T®7n-f t - h & 
7F Lit 'bio-cfos. ^toT, msiIc^Lt^^y/Sr 
#SiLTI3 3 0 (COX'rm^-rSo (3 3 0 13, 
PSS^Tl-33(75 ATM7-f 7^2 6 0 0<O«fife4r^L 
7Lt> CO-C, /< 7 ^^ —71/ (BACKHAUL) 7-(72 6 0 2, 

^au-^-v*isa5 (phy) 2604 , atm7-(7^ 

iU ( /<777f@gf 2 6 0.6 (£1T. ALBM260 

6 , 3.— f. trr (Utopia) II'C* 260 

8 . ATM7t--y y# 2 6 1 0 . n|©gl^77r 
2 6 12, K-fe A"<7t 2614, ^ -Y 2^ 

77 7/a^i7-/71/2 6 1 6*>b7j;S. 

[0 2 7 8] ATM7-f 7^2 6 0 0TI3, /<7^*~ 
jvyj 72 6 0 2 l3^SU//f(Phy) 26 0 

4 CglSJixtC'5. 3 .- h trr (Utopia) II^< 

7 2 6 0 813, y>>m l"f -IrfttSiSB (Phy) 26044: 

ALBM2606 (C^iHg-fSo 3.— htf7 (U t o p i 
a) ll'<7 2 6 0 8 13. ALBM2 6 0 6 SrA 

TM7i-77!?2 6 1 0<Onffl<O^P^7 7r 2 6 1 
2©tMhlcSHLT, tJfei'bfeSATM^-f 7f 
<o!&ai/-<tteiss (phy) srtfits. |gife<o^ia 
/<7 7r2 6 1 2 0-ehfhl3. ATM7t-77^2 
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6 16 rtlcfc f y , 2614t 

* n^nSJfcSnrt'S. 

[ 0 2 7 9 ] 3?B8IC{4. :OATM7K^7^/^!J 
>/&fl5!4, ''/iSSUC jo If 5 ATM-OC 3 c S S I 
r/:*—7U (12 5^1) Tfffll/'bn-S,, ATM7l-> 
y.yjA'f D ATMh7t j/^SrSiS® 

tOfi^7 77 2 6 1 2 '-'71'— 7-4'■/?-$■ 5.L t \Z£ 

9. ATM h 7 K $riS^D7£^RPg5|c'^7-(■71'^ LJ V 

t£oT, **ofcSEW0>fffcnfcA 
TMF7t f- 10 

£M'<-yyr 2612IJ. ATMt/i '^777 
Lr. -t- 71 ^ lent r — h'ir7U/<74 2 6 1 4 
S45H^7 77 2 6 1 2 

fcssfstf&sns. mmto&m&mm-c-z 

<r>&-frATM-£X '&S:ff-f S J; o l:*oT 
[0 2 8 0] ATM^'(7f-2 6 OOOiHSUALB 
M2 6 06T-, 

Sgf.ilCA^^TfMftATM^ 7 hT-fc6o ATMf 

y-f-ty H4. $k%jt.'>yy >• 

V\ ATMf 77'ty HJ, f A-/7 V 20 

A TMf y ~f 

-tryhte, nm<n<®>mi"(-Y : k-y-tf— h U, 

-VII3-— Mf7 (Utopia) (CCrtt. 3.— 

F lf7 (Utopia) Il't* 2 6 0 8) ±rof5ai"( 
■77h'i7AMlSt5. 4fc3SH'-fte3SBli, 
fATMf^-f^T-J) 13 , ATMnWl"( r$&tS£r§g 
S,-t'5fc4 | i>i7?-t7l''7 !) ^ (CellDelineator) 

777fi)5. CCDATMT h'U7t7W7l'^ U 
14. ATM-b7i'«:**S*W««*snfc1**o h?t 7 
^ a F y — Aff)Ho 1 olc^-U 5fcfeco«t 0 1g$|7£7)- JO 

-^—•7 K/ 7-fe-v7<7?^^jS!Cg#m^5fc«J 
tC, ATMfy^tyF (#J;ilf, ALBM2 6 0 6) 

[ 0 2 8 1 ] ATM^fyfiinfiro 

ifej® U 'f -Y n <@ <r>&t£ 5^1 * -f y<r>mm'< 
y y 7 2 6 1 2 i L-CS5S5J; 5 I-*gfiSi;£ nr i'5„ 
M'I^7 77 2 6 1 2IJ, 1 OCO^SSTt F y — AIC*f 
iSUTt'So «oT, 3.-he , 7II/^2 6 0 8±''«l 
SL"t'irT b’l^yi^m^yyr 2 6 l 2 0'tn j e'n!c 
JSCT, WS^flT-T'ye-y/^nSri: K*5. n 40 
!Oftil"(+ttniO|l/<777 2 6 1 2 £ 

£b(C, #^COI,'< OdMD(g®^7tgtSIJ^ (VP I) jo 
«fcU ! (SJ©f L •y^7i'®SU J f- (VCI) Ht, 57 7 7 

2612 bn 

Tt'5„ ;fc|l;ffi)gJ®T*l4, 3 00fl/<7772 6 1 2 

#£>y, (Sot, vp i/vc 1 ^tn-?ii*!t '5 3o 
(25^7l'-7'i5^-r2> 0 «-/7l-yiJfifSOSP74 7 7 

7 2 6 l2«Hoiot77tfy^^)x5, VPI/ 
vcitj; K>m7ZZtiZ>%-'rj\ — yfrZ<F>’£M'<yy7 
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7’l; < tor^Jh5„ cni4, '<57 71'7'f >2 

6 0 2 d'bPJit-f 5 ATM-& 7 l'i 4 iE^ 7 £^|l 7 t F y—A 
-r*, je m ttmmismz.si'-y -3 >y £ns c t \zx 
9 5ta>s!>bn5o 

[0 2 8 2 ] ALBM2 6 0 614, <D ftW'< y y 7 <& 
— ^ LT, ATMKlg^D— f^faK (QO 
S) -#, ATM y*—7y? 

2 6 1 0 14 ATM-t^aWyl^^ — h’7iSa-i&& U'~f 
iBjfc, SRI4i5(5»t'-fn^—*■) ~-&t 
57 h*#j»-#-5. t^oT, g-nsr— KtfjBi/'bnamt 
r*£>5. Wx.14. fglC0S'P^<5'7r 2 6 1 2 (4Q P S 
KSriftf— F L. ® 2 <7>^iS'< 777 2 6 1 2141 6 - 
Q AM&i)-#— F L, Sl3C0^il'<57 7r 2 6 1 2 14 5 
4-Q AM£ri)-tf— h+S 0 iot, ATMt/H4. 
(D'^yViftm (VP I /VCD KlfS Crjg®*SP''< 
57 77 2 6 1 2 '-'SilttlCUi'—x -T 7/^115, 

(CUT, VP I i VC I t i4ATM-fe7l'$T^P 1-7 t 57 

?y h y—Aw^n^ni--^ 57 vyy-rztzm c^i'b 

ns„ 

[0 2 8 3 ] H8£<7> lifer* J4, ATM h7t 
^ /fc — )\,=3 <’72 6 0 2 *> bcO-fe/U^ y— x-ffT-feS 

^iat"rria@Sis 2 6 o 4''A^it'-So 7< 5 >^j?-7i'7 

-(72 60 214. — f&lftlC, OC 3 c7-(7t’fc5i!, 
-tntifFrojgfcaro^’igijg&r&or'b atm-i^l- 
r*aati5 2 6 o 4r*^7t;^n, f»7i7-A 

*>b ATMtr7!'CO'<'f n— h'i*aaStlT. fWAL 
BM2 6 0 6 ~-i£tiJ£n-5„ 3-— f trTII'<7. 2 6 0 8 
l4-fe7l'$rA L BM 2 6 0 6''tejt-t'So ATMf y/t 
57 h, AL BM2 6 0 6l4(gJf.^Ar^7USO 

gjR1?—tfy.&fg (QOS) ^^®E-r5t)i73r*, SSitlC 
QOSfcNStf'HIfgfcJ; ?lzs'- 7CTii$nT 
1'5. &oT. ALBM2 6 0 6I4. PJlF L fc AT Mir 
7i'^'&o{S7f.^Y-t'7Mc-li4it:#l4 bnri'Sf Jiffet 
n/cffi^tascr^^-f 5 (H 3 1 (DA7- 57 7*2 7 0 
2) „ ALBM2 6 0 6 14, ffi^CO^lS U/r. CCr 
14, n(@<7>40531'"!' -VSr-y-^— f-TSo CronimM 
i"fro^n^:‘ni4. tLfrizfr 2 5 

fc'ifOSl-'F I FO (First In First Out ) / r y 
T**>5„ 

[0 2 84] i?/ A/7 y>^ 2616 

14. #-(Af77i:, Wl--(f (ccr*l4. mm'<y 

77 2 6 12) i , -V7l' i f $si£r-— K-fe7U7-<><. 2614 
Y Ay a y hr-ffli'bHTt'Sfit- 
ffA7'7>/Sl®ff-/7i'2 6 1 
6 14, ATM74—vyf 26 10tg^?n, tf'Jx. 
li, 57^RAMC04 )<C7^77, 

l&iS6$nri'5 0 ALBM2 6 0 6I4. ATM-fe/HT?^ 
57 ^^® (VP I /VC I ) 3r#BgLr, f J)ATMt 
7HSrifo^P7-5s7 77r 2 6 l 2 5*‘^^J®r-rS„ -t 

Lt, ALBM2 6 0 614, £(Tf-!ft9]-t-3 £ 7 1C, A 
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2 6 1 0 t 

#, ATMWATM7t-7 7^261 0 <D&m '< 
77726 1 2 So 

[0 2 8 5] ALBM2 6 0 6^ATM-t^^jELl'l/ 

- hT&fELTV'Sc: ifcsisg-t-sfctoic, atm7^ 

—7y^2610tt, ^au^-^SIC^rtDStiS-fS^P 
T— Fffli/- hi-—ifc-f SATM-tr/K7>^£gCM+tf 

So ^lixf±ATM7d —7 y ■? 2 6 1 0 iW 

— K-&7i'-'<7 2 6 14 ro^-fA7 n s/ hro-en-€r‘tv?r7 

4” A7'7>'/'^P^^7 1 --/7U2 6 1 6d>b&3H- S88 70 

K> “/<7^yi/7-7f-” 

tror-^So A/77/si«ff-7^2 6 i 6 

14, ATM73- ?7^2 6 1 Old, ^7)11^777 

2 6 1 2A‘?3(7>ATM-fc7U&--^7l-f 

2 6 1 4fflW-fA7B y hl-!fA-t'S*^i5rx.Sfc 
* COt TOT* #5 So <toT, ATM7i—77^26 10 

14, A7 p 7>'/^P^5R7-7'71'2 6 1 6 ££H' 

T. &>S*t#^GD* 4* A7B y htC*fU «I/<7 77 
26 1 2Srl'o7?f'f7'ICt5/6'5r^tS (1213 1 
©7f 7^2 7 0 4) . tLT, Kv'^ *(§-§-£r ^0 

3 -— h K7II/<7 2 6 0 8 l-a*-rs (13 1 K^-T V 
72706) o C<7>i#, ALBM26 0 6 13, ^<0:£ 
TcofeaSu-fT ($I/<7 77 2 6 l 2 Sr-^tr) lc*fL 
#-y ^fc-ffiUaLTm', 7?7^7^'7K-7i-f 
^fi-§-£r#S5?tTS„ ALBM2 6 06^77f-f74^ 

> Kv'i-r ^ft-§-^^^0L7ri:# , ALBM2 6 0 6I4 
I^(fATM-t/i'iS: ; ei7)777^7)ttilM'+, ^ b 
T, 77f-f7(Cl'i/<7 7 7 2 6 1 2 ->Gi£+S (H 
31077772708) o £<b(C, ATM7 *—77 
7 2 6 1 0liATMt/l-«rfl/<777 2 6 1 2i‘f>7 30 

2 6 14 (7>2S^)7£^ -f -A* n 5 / 
h^teiH-f-S (131077772710) o 

[ 0286 ] for, stst, 

14, 3oOgiJ®(7)ATM-fe 

7KT>^ia^ h y-A^-^fiSc-rs. ATMt;ni, «-ssa 
^777 2 6 1 2 jJ»lb-^7l'^$Ei£T — h'-tr/UA^^C B 

-=?— ?±/i' (ii6#i) t lt=» tr— ^sns„ cktj 

CB-7-^^/WJf-7^7^i£(ISn. tnibCB- 

f-^t/^i7 7t- A7^-?7 h (15, 16# 

SB) ±lc-7 y e-v^^nri'Si:-Slc^rrtJ-rS/'^ 40 
A'SrlglP L, C B —^-frA- 
1M£<T>? ■< U7, a y h lc§<l y ST ibiaTl/'S;&‘iC<fco 
T, 7/UfSi ; E-7A (ll 2#i) 0 3O0fI®5 
t><z>i oiSR LT, ^coT/u-SrSP-f S. C*UC«fc 
y. h s> ht7)^7U—u 

Tfigy**>, n y v<r>?)\ — fitmtt&mm 

^tfe^ixSo &?/l'—■?<r>?'f A*n y hli^.-r LtiS 

jftLTi'Si&ssttfcv'. 

[0 2 8 7 ] I0J:?ICLt, ATMA-f7f2 6 00 
TI4. ^7iSSP<7?7£ £ix;fc ATM7^07 h V — -A&- 50 
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£fi£-t-Sfca6lc. 3 -— h \£7'<7- iro^S-ifejian'-VT K 
I'X&mm?*~?t 1 *tr icmisL rv'Si 5 i-al b 

M2 6 0 6 &*ifi£;LTl^S„ £fc. VP I i VC 1 <7>=g- 
SliSP^'f^lcMfS: IT'S. 3.— h t°TII^^ 2 6 
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FEM7d - ?77 3 3 0 87 s 14, 7 — 7 7 U — 

K-t?7l-'<7. 3 3 0 2l;n tf— L, MP^^® 
(75 CC M^fti-5, -<75J; 5 (c Lt. I DU FEM 
3300. EIDU FEM3300, 7 7^ '< 1)^7 

3 3 2 6 !4-7/U^|si^-1ryU^7i75ii?g®t6$r|gmUri/' 

5„ ^413, ir^cor*. 

t‘f4, SSU(75M^5-4‘- i 'C(75ft#l-OI/'-r(75f¥$ffll4^ L 
tV'7iV'„ s-fc, ^-C(T5ft#iat67'n 77 Srta^UTt 
15I4-C-I4ACI/'A5, -€rlxbl4^=i#'tr-*>ltlfii!^{c3?ife'5I 
tgr-^swr-, cnei±(75i$ja7iia^i4^B&-rs, > 

[0330] 039 14. 0 3 8(75 7 7 4'/<|£5§ ; ti7a.— 
^Srffli'fc^-a-co, iSB14g^(75Mrt^® (I DU) *‘b 
0 3 7 <75i£5IMrt^e (EIDU) ^I5i££ 11,57 — 7 
igiS{coV'ria^-r5fc«><75 7'l' ? > 7 ^ 7 — h 3 4 0 
0-t?fo5 o m-C'SSi(Ciiitt(75l4, e@iiitt3 4 0 2 
t. K-K7-(A34 04i, iUft ■ §ft^-7-fe7 h 3 

4 0 6i. 7 U — APt95f“7-fe- 7 (- 3 4 0 8 T-fe5. 13 
^tcfSIS«5ft#PSr^UXV'5„ -f&fccb, iSRS7 7 •f 

/K?5-t?/w<;*§:fi7—/^7 u—Al^^ft 
#3410 (C B_R X_S F S (IDU FEM)) 
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t . $£357 7 4 — '< 

7I/-Affli§34 12 (CB_RXS F S (EID 

U FEM) ) . $£357r y^$£ 35^'^ a—yuco-t/i"* 

7j£ft7 — '<7 U — A|f)iBjff-§- 3 4 1 4 (C B_T X_ 

S F S (El DU FEM) ) , 4?/U/-<7i£fB ^-^7 

l^-APM§34 16 (CB_TX_S F S (IDU 

FEM) ) T*&5„ 

[0 3 3 1 ] S3 8«7>7t'1'''<$£35^v ; ^— 

5 -h-c*. yy s; 'syttmmT-ibZ. yy ^vyy-r -h 

3 4 0 014. a»»*®*rt«S*»6«»Srt8«~5 f /<? 

— fe$85§Stt 3 4 O 2 14 

IDU FEMALE I DUFEM^Of-y^EiUCOg? 

<nmmx-h 9 . c<r>ii}si4®3 s 

(FEM) (7?3Ejnj • iff?IJ=0 

/<-y, 

rot#)5. ISS-7>( ?' n&SSO^- K7 -f A 3 4 0 

4 (4. E I DU FEMICTSA^lX, : r — 7&Wt£.tl 

seimtciDu fEM icpjifLTtr tz&m-rzmz 
m y>'bixZ>e IDU FEMttE IDU^t)?)tt5T 

—y SrgF*9^®<z>y y 5 'sy\z.mmz-&x\,'Z> a &m* 70 

7i? s' i-3 40 6t7 U — A.mM7f7-£ 7 1-3 4 0 81: 

iSft-r s c t raji *a <k> m arc- *> 5 <t>-eta m n % m-r 3 - 

[0 3 3 2] [S*84?[J»7cttl£l ®Jfc9JS#7ES&K 

(DAMA) 14, v'T.yArt’C^i^HcO^jfca^^.D 

fct#(c»ss£9i9 mxzumx-ibZc damaij. ji 

&Z> lttgmfB'77.7 ATI4. -7 7U^^P. 

Sf Ttc * 31 , '■X SFSc Sr 9J 9 ^ T 5 fc »lc = — 7 fc D A 
MAgfSrfflV'Ti'5. 

[0333] 130. 13 1 14, trix-fit, 30 

SITtffll'?3n5ATM7-f yfttUff^tlSAT 
M7 Y7*7 4 !) y/S*l:oi'to7n y7Mt 

£t>fc. II 3 o . 

03 1ICI4. DAMASf^/ft^7^^7^[6l ('' 
7;S 1 fcSI?ISf&;fc''--[°]a> o^ft) to ATMf- 7 h 7 t 7 
^Ic^coj; 5fcff£££9)9 ^T3a>£^U-tO'3„ 

[0 3 3 4] h7t j/ 7^<0#i£9J?il4taffl&<Jtt¥- 
j££/fH'3,, lTt^iafa^^Att, 7 97- 4-7=1 -,u 
{*77 y 7) Sr^SoU. Stbfttcfl!rtt«:9l 9 It5„ 
jtPl«g5SI4. 14. 0 6(C;^L}t4:5ft^7y >-y7^ 40 

-77l/-i7*-v s' \'<7>*—'<'^y KSBIC9J 9 Mat 

a y h &)8t'T''7 r 4g;*:{CffiFigcS3fc 

£fT?„ ?f Icffiffi-f 3fc«>(c, 

TR—0 0 8. GR-3 0 3v'/t!)>'/®l«'fW- 
P*co&&{cl4, 9Jt) ^rfcffir*$*-»aci- 
3. 7.y />y«5fel4#tt4rW 

srsRiffi^icaso-t-s. 

[0 3 3 5] y—y ffi£l4, 35CfrrS] (y^^U ^7 43 4: 
0777!)^) ICS&WIC9J0 ^T^ix3 0 7yT‘')7 
7T-I4. SRIigjfctt. _hfSU7c4: 51c. «-SS Itv 1 ^ 50 
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— fl,<n*y 7y <ogg£ Sr^^y-TSo '< s'7 r <ogg £ 
9S>/'f®. SSM^Sx.rt'3 t 
t. itRiiS^I4^7«g^^J; tu2:i'S*Sr5l3jt-r3o ^ 
7 , ffi;fcl4£(4&of;::£T<7>^3fc£:fi2{ffiU 
Jfeaicitcr. £Troitl^«5fctcMft3 u-c/MOSfcSSr 
919 ITS. 

[0 3 3 6 ] 4c|gJS)gffi(7>i|#1S(4. 77 Ji<DA 

TM7 — y l-7t y7 <7?Sr^l4, S3 0(C^Ufc«£ 5fc 
3.^—^7£#jfer-9l9 fetL-cv'3c i-e*>3„ ltfiiS 
Lfci 0 (C, /'yfflfroATM- OC 3 c S S I 
—7H75ATM74^ ^^14, OC3 c7 / (7i‘5l S-f^iS 
fa'>74r A~-K>ATM h 7 t S’ 7 <r>7 n — &g)0<jtc < I : 3S 
-t-3cta*T'#3<, atm 7-( s/^i4. yyv-y^y*- 

[S] (''7(@5fca>ibiIlilSS$;fO (Cisi/'TD AMASrg^Jt 
LT«fii4^iX'0'3. . 

[0 3 3 7 ] ATM74-< y7-COfg^CO^aU"f -714, n 
®C0^P^y77 2 6 1 2 (bfSi# £*VTV'3,. 
y-ry(CI4m7£3^l®74i/7 7^ 2 6 I 2i3#ftt3. 
Wx.15, QPSKI:l4Sl©fI/<77r26l2, l 
6 — Q AMICI4H 2 CO£'Pk< y 7 r 2 6 1 2 , 6 4—Q 
AMtci4ff 3 y 7? a^n-en^is-rs, al 

BM2 6 0 6I4. 130 (13 1 077 77 2 7 0 2) 
ic^LfcJ:5(c. £< ^o^nfc^^-y— t'T.fng (QO 
s) 7n ha/HCffll/'t. ®$fe$fcS-^5^ ATM-tr/U*- 
Kilfttc'fS-rSo cn(cj;ixl4. Bi-'ffiit$OATM7 

/H4-tnJ: 9 'bfgi'®5feScoATM-fe7L'4: 9 
S<S)xTlsS^lx5. Sfc. i!i£l4. fRlg^^BSSU^F- 
(VP I) (VCI) !CJ:9^:S 

$4l 3„ ^ btc. ^§-v pi, vc 1 14. yyic*) 

(SMbKTt'S. *£oT, ^JSuy 77 KU74I4S' 
®9 y y 7tc (4 b nrc ' 3 C i: tc /£ 5 „ 

[0 3 3 8] CCOtfcffl^-T-14, 1^ Dilft!) ^yrtco#^ 

14 y ygl; l o4o. 3odSU®(7)ATM7:7K7374h 

y — AirMts. «-^p^hy-Ai4. 4yA7D7 
k oy/u—u. #y y at^ b y h coy/u—yi4^ 
«i4yyi4, 40^14 
y yicMis-t-sitPi^^roS: t -y— ^ t left: erst 

t3fSi®WM9. lot, 
ixtATMr — y-^/GCOT. h !) — Aa4£j5jc£ix3C t Ic 
4:9. ATM7-y-fe7KO#^t!4^P^ h D —Art(cSij 
#)tc9J9 mXbtlZ', ATM7t-77426 10l4, 
yyAy7v/^i^i7-y/P2 6 1 6ic7y-t>4 u 
r, ifroSi^77ri ! 747y 7fr$:¥>m-tZ (0 3 
1074772 7 04) . tit, Ki'iy 4f§-§- 

SrALBM2 6 0 6(CElfS-f3 (13 10^7772 7 
0 6) o ALBM26 06 14. s'7 h'7 ^ J 7 tB^-friffi 
ATMt;P&tniU9^t3^1^ 7 7 7 2 6 1 2 
-'i£ffi‘3 (131 <r>7=r y~?2. 7 0 8) „ ATMt;!' 
& J tti*:tUDmffi'<y7 7 2 6 l 2(cf&i8^ti.3i. A 
TM7 d-7 y7 2 6 1 6 l4-^7^^®j£ ; &— K‘fe7G-'<74 
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7*—?y h -i7 

*—7 o/ h go =8-^ hoUHc^-t'A-T’^ yi:7 

^-t?7L. ATM-fe/t'S:77U^$Ei£x-— Kir7i"<7tc:i£ 
tti-f 5 (13 1 07 7 y~fn 10) „ ^0 4 5 tcb 
X, 3 00^7.£-5&'S107.££;h,;fcATM-tr/l'07i'y — 
Ari5£fiJt2ix5<, rO&t|fi4. y*>-y T-'T'.hOATM 
*r—9 h 7 K 7 ^-S^SrSi^tSiiy ItSfcfel:, A 
TMfy7 , tyl-©5%, ''T7ifg;fca>bitHffi;£~-07< 
-tftfrt,, JS£oo &tt:S0 

•raii/'ofc, 4 yis$i/£^i£(cg^mx.rffli/'ri' /y 

5 . 

[0 3 3 9] @4013, 

WtSSS-fSS3JtSi]^#7cffilS (DAMA) 

it box £>-5. 04ii4. 04 o \ZTF\^tL i ?**j\'ytm 

{cS^K D AMA&(ff£3?m-5f::«>o*tt37 7 7T7& 

^LfcfcOX, £TF, 04 0 i@4 1 £#!#. Ufcfl*bfft 
Sts. 0 4 0X14, 5 0 2i5^ y 

-^vM£JS3 5 0 1 3 5 o 3of=flo 

^yr*f-tt/^i3 5 0 irot 
# . r£X OjtR|i8;fcl4 ga*lc 1 3 504t#4LtG' ^£? 

S„ tS<£f+t/^®3 5 0 3rot#. itKli£i5£l4gg 
«1 3 5 04«>^n 3 5 0 8t#StS. £ b 

M, 03 5X14, ''T7Sfg=fc3 5 0 2 0-y-tf— hf 5X? 

^ 3 50 6 >b^L-TI/'5„ 

[0 3 4 0] UBS. ^ODAMAafttf + t^tlit 
g^SFi^SiiifttcSijy ITS. fljsttf*. 1 #*»«'>' 

77 -kOii^IM^RiSot'X. gR$c l 3 5 0 4^05^151 
i$5£l4. fy hiD^SiSi (#Jx»4. 10" 8 ) 

1 t*j/ hStc y oSJfcT^/udr—14(S 
(ttbil'. 3ot, 6 4-Q AM04 5 ft. <fcy& .70 

&o^p (s's> h/#/H z tcj; y & 

fgW4^®§) friS^o#^, -tti:t>-h, 

m&n 3 5 0 8 (*2SifcJgffiO$|iS3XI4. QPSK 
$S3*-5S:£JfH'-0'5) (cfc5iSRI«5SJ4l Y? y h mtz 
Y) <om&3L%-J''*r — I4&< . lot, QPSK045ft 
(Siko^P (fy h/^/Hzlc4y^$iaSt^ffii6 
?$ft^p) fls/Bo'birS,, £1T, z.<r>i.ot£Mi&<r)mWL 
^*3 4 u<2& s Sr p*® i- & m-r s. 

[0 34 1 ] 3 5 0 2 14, . h 7 t 7 2= ^ 

-7 hSriSfS-rSjtRiffi^SrStR-rs (04 1 <D7y- y 40 
t3604) „ &R:, — 9 L. 

oTG'5i#WJ;?IC (i7i-7^y^) 
1Si4©S)&‘5*‘SrJfaJBPr-t-5. PB7 a—r-f ^^14. 7 5? 
;t&*l y > if com Kt**® SriS-ffc £ -it 5 Sift® 0 X 5 „ 

RSS I (Received Signal Streng 
th Indicator ) , £>5'/''l4, iSfil V '*s7 SriM EXSfiJ 

h^9$ (ber) srau^-rsitr- 

¥iJ®rX£5. tfjxji, R S S I 3 5 0 2 5c4 

y -y-#— h FO'en.'etucsftsux 

^ObiXXl,'5B9fit4 y T2*oitl/'3 t #. &50M4, 50 
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BERai^rOSBfitSrjgxXO'S.fct, 

HX&3 0Jxl4. BEROB3{itt4, 10 

- 8 X=b 4 t'o 3 5 0 2 !4SRi4jSil5«5-ttL-etL 

d'bift^ — 7 hft-tSrSft-rSi', CO«*fx<-7 b 
fi-J§tCI4. #Jx.l4. RS S I &-£t?SQ I (Signal Qu 
ality Indicator) iSiT-Xt'<5 (04 1 077 y~f 
3 6 0 6) . 

[0 3 4 2] ''7i%?£ 3 5 0 2 14, 

iS^-f-5 (041ffl77t/S36O8) „ I7i-f 
^ >^go 4 p/£®i§^^-y^y3 5 0 3 GOPi(4. h 
7t7^l4, #|giS. -T^tst), ^^1 3 5 0 4i'b 

m ®in 3 5 0 8 

I'T^P^n, ^T'f V^7^ — T.^rilEXi3lfB^tl. 

S D 

[0 3 4 3] — *\ ^ y 3 5 0 11= 

14, 3 5 04t#StSi:a 

^$ix. b7ty9ti.W*.t£&mm&1&-Cti6 4-Q 
AM<7>4 p 17 ;/ z a*&4'T*, iSftSr«Gffi^ 

S/J'X-foSSSS^ro^pil^^ixrijIft^ixS (04 1 
07=7-y7 3 6 0 8) . t* i ^ if <75^MI4f 

y rxfcs-t^r#it-tti,i4. 
ffiFT*. ««S:S)?croS'Pl-®W{-S'iy ^xtU4. 
S^tS^t^S. ^titc4y. ffi?«tl4=?-x^/Hft 

mv? y 7ftffli4Si«tfi^, 

[0 3 4 4] 3 5 0 2 14, 

i^fdlR:7^-45 (04 10777773 
610) . t®4 p7£itRi4g^ifl'*>5i:#l4. 777 ^ 
3 6 0 4M7f 77^3 6 1 OSr^yiStc 7£(ttlfo. 
''7h%M3 5 0 2i4Ma^r)^T-^5 (041077 y7 
3 6 12) „ 

[0 3 4 5] Sr«cl4, ^■+^/Utt»»cS73#«b«JlCfl i a 
$n-5i'CODAMA^^I4, SifSL<l4, ^ 

7 h <F>~? 7 $ isl/y^r — 704 5(tUBR (Unspecifie 
d Bit Rate) IC»S$it5 4 5 (C(fi.S»fii'' h ? t 7 

^r-^o'bttS’boxfoa^, ^^ 0457 ^, ^tvei^t- 
<Dif 7 7i^5>^^ix5 4 5 7^4 y i® 0 '.Ri®O h 7 t 7 ^ 

c®i^, f^, ^rGOfdlOPgS 
0'faSo-y-—177X14. iSRiig^tt, ^rtu-etL. ■gH^ 1 
3 5 0 4A'bgaScn 3 5 0 8 0l'f Hd'IcStSit 
Ltl'5. 4oT, SID077 7 77X14. iSfs^tufch 
7 t 7?i 5 UBR(y®fa@iOt-77ro'(>nX&Si5'5 
*>Sriiaj»r-r5^S^*)5„ Wxl4, t77 b u— 

^0^5 h 7 t 7 ^^ t 77 (Specified Bit 
Rate) 04)4:, h 7 t 7 7 rot- t77^i®f 0 @-y— 
77ff>(,»Xfc5 t # 14, t©h7t7^i4, gi^l 
3 5 0 4j)‘bgS«Gn 3 50 8i7)I(t5f®lcMt5 
itHiS5SS i- 0 ' b ttX 0 '5 ^ 7£ 5 4: 

fflO'Xii^iiy tc^P$ti5. SSfiff-tt—177 0^?« 
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14. ^ + ^M*ffitcg^#^M£ixSc:<!:l4ftt'o mm 
ZtiTz. h 7 t I4®jf$tc«ig 

$rSi] V St ■57tJ6(i0 4 l yf&mffZtiZ* 

[0 34 6] 131li. M5®®2 7 04, 2 7 0 8 
2 7 0 6»c£f<7>4: 9(-IES$-a>''Tt'S*' : Sr^ 
Eftf><o-e*>S„ ir^;?l4. iifB Efc X b ft* 7 4 * £ 
5^J^W-fe^^t s S$n'0'6o ftfc. 0 

si4, *j*-7 7>'iz.mM&\zm-% : £$:m-t 

SftlKOD AMAS{SSr/T 

[0 3 4 7 ] [ 1 : NTlS] 0 4 2 13, 1 : NTlSv-* 70 

7^3 7 0 00SM^L&^' :! 7^|t, ''^igifcA 

3 7 0 2, '^igSiB 3704, T"'"' 

3 7 0 6, ^R|6g5S3 710(1 A7i$n A) , iSPiPg 
353712 (lBMnB) , t7f t^A3 7 1 
4, ^+^83 716, DS3A5-f>371 
8 , DS3B5 / (>'3729, ^7^7y7DS37-f 
>■3 7 7 2, 24, ^7^*—yl- 

(Backhaul) 7-7 >3 7 2 6 A 1 ci Sit O' So 

[0 34 8] A 3 7 0 2 I4itfilig;fc 3710i 

t^ft^/i-A3 7 1 4£:iiLtiiff£:fri'. -?0 

B 3 7 0 4 l4itR|ig;fc 3 7 12 t if^-^/lB 3 7 1 
6 &ilLTiifi£ff 5o ^y^77^'7 , «3 7 0 6 
14, s'-fffimB 3 7 0 4^Jx.lJ^bfct #tc. itlH 
4gjj5 3 7 16 i:if7 r ^-Y^yiB 3716 LTilfaSr 
tf5o ^'tigiS A 3 7 O 2 , />-/*S^B 3 7 04, '« 7 
yr^N^ig353 7 0 614, tixflXD S 3 A 7 -f > 
3718. DS3B74’>3720, /<7?7y7DS 
3 7 >r >3 7 2 6Sr^b-C7yU^Tt>^i)-3 7 2 4 1-^ 
St^Si^M-TS. v^fyi/^t3 7 2 4«EM7h 

(EISMSi*) yi'7 4’>Sr^T 30 

-rs. 

[0 3 4 9] CK>1 : NTlSv^^A 3 7 0 014. flljM 
Lftl ; (@14#i) ©y'T^t-f htfflii' 

(bixSl : l Jig^rAroftiti Ut^if^nfc’b 
cOt&So X<OX. b ft'>*7 At*l4, K 

S3 4 0'ifcl47yu^^®?«te{C, 

5t 'b&.Sxli, t t>£>Scot*, — figiftft'b 

co£r.^;LTi'S„ l : l-^fAttt, #11 flight'#'ft 

X.ft< ftofci^tDft«>tc. tixt , ny<y?7 77'/'7' 40 

SgSifc^Ltt'So J:ot, 1 OfiO/N^ig^Sr^-rS 
7^fAtl4, 1 0®CO-'<7^r 7't/'7 f ig3c;a*:&gi: 
ft!?, AWuT. 1 : 1 

gi^T^cO^fStt, il 4 
[0 3 5 0] lytt^ilff'V^T^tte. Ig^-t^/it* 
*gafc<OglJ<H(OBft —>a >(CgaS^iXfcig|ii«g5t5!C^iE 
-f•sfctotc, ^i&coxN^jg*^(3i:r>7 1 -7--fe^^Srffl 
k->Ttt^(7>itRI*^'^'7 r u-K*ir* h-^5= 1 : N7l 
g'>7-rAl4. 

CT>-r4-4><— 31 !) rrtt®jf£t5Tf£ft<fc ? tc^ff-^ix 50 
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tt'S. iot/'7g*A 3 7 0 2 , ''t^igifiB 370 

4 , '< y 9 7 y 3 7 0 6 t4r£t M Cir ^ ^ F*9 

tc£>!?, ^*x-&*ix<07>7tt4M C*-ft£:ft</'tt'So 
/^igSiA 3 7 0 2f4. "50MHzf + 4^A” (75t 
7f--f^AA3 7l4S;ffli'tt):i\ ift, y'^ig^s 
B 3 7 0 4I4. “5 0MHzf7^^B” Wt7f-lr^ 

yiB 3 7 l 6 Srffli'T’b 4i/'o /<y^7s/7/'7S*3 
7 0 6 14, 'NT/ig^A 3 7 0 2i ''^SgifiB 3 7 040 
I'-fix**— & : &'<yi'7y7‘-C$Z. lot, /Ny'if'l' 
h(cl4^-/ig^roifeS:ffl]x.5c t&X-Z, lot, 1 *f 

M£igeicRi8tt*# So '<y? 
7 y7^7i^m 3 7 0 6 l4'^4g35A 3 7 0 2. '^Sg 
SB 3 7 0 4il3^*SS iti/i-yu, ASk'14, /< 
7 * *-/i -1 5. 

[0 3 5 1 ] ii)£. -^r/igSiA i ^'yigScB £14. 3t — 
if h 7 t 7 * 2*itl?iSg;fc 3 7 10 t lSRPgifc 3 7 1 2 i“ 
roffl'C3Kj!7lR)fc§tt«-t£5 J: 5»f^-#-5'bi7>t‘*>S. -t 
COM, '<yi?7 y'7^7mM3 7 0 6 «>< 7 ? T' 7 ^ 
-Kt-foS. ftix.14. M*$Sa#iSfclSLt. ^igiS 
B 3 7 0 4a*Sfei#Ufc£#. -eco®c^l4®4 3(c^-TJ: 

5 tc Lt#&*a£ix, 31 v* > h'fav'^f^A (EMS) 

IcaSa^ixSo DS 3 B7-03 7 2 Oiliky K77 
— Arii^ibixSo ^7^75-7/'7gS3 7 06l4/'7 
$g35B 3 7 0 4 9 #fc> 9 , ift^-t^yi 3 7 1 6 Sr 

iiCTitKi4g;S3 7 1 2 — fttfti£ff£M#rt-S» 

^-7” if 3 7 2 4 14. >7 K7 7 — /<y 

Z7 y7U S37-t>37 22i'DS3B7'f>37 2 
0<O^7^r 7 7"tftS*fi)t(c7jrS 4 5IC, D S 3 B 7 
-f > 3 7 2 0*‘b^<7^7’ 77D S37-Y>37 22 

><7>W0W*-&mft-fZ' EMS 
14, SNMP (Simple Network Management Protoco 
1 ) ^ y± — is^ffl^'X^ 7 h V — 9 • U — i/a > 

• -fe>^—iaSa-fSo ifT^^/PB 3 7 1 6d't,jt|ii 
4g^5 3 7 1 2 ^coi£firi ? —B#'p6gr-f Sri*, it 
tbjxr, i^(HI4WM$ixSo jSRIffi^3 7 1 2 (7>UnA 
#14—B#W(cif— tt^co@co(g;T^S<7S. t:<o§)@{c 
iS'PWr^MttSEffWftfitr-fcS. /'^4g*A3 7 0 2 
^ifeKb7ti:#l4. 7 ^ 7 7T’^7'ig5t5 3 7 0 6 14-E: 
timiXti'O, ift'^-t^/t'A 3 7 1 4 «ri3 bX|^®i5:^ 
n — K 7 h ^rtr 5» 
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£>5l'{4, /<}-?7y^'7’jg*3 7 0 6 
i 5 TDMA7 U' — 3 7 0 4 £ |PJ 

SrMtS. 2 oro4g;fe# 

FiJMfcT-gjiJ^toSCthi. C<75 l *f£iiff ~77 
xA-t’ffllAbn'O'-Sv'i'jtf/H^— h (#<Jt.I 4. 10M 
Hz) r-UBi(£Ci;r'fc5. i©/<y^7y^h 
^ifct 1^X14, 1 BUI 10 (gg^t) , 

■/«*3 7 06''®9fi3iv'5’brot-fe5. rfttc 
i5t. l Btci W 

5„ 

[0 3 5 3] '<y{?7 

M3 7 0 6 tttyf + ^/l'A3 7 1 4. •*^/l-B 

3 7 16 Sri! CT, 7 — ASIC (4 8m0>g 
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y97 yT-igM^&m-fZ (7a y 9 3 8 1 0) . '< 5 / 
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3t£*i5o ttt, aRliffi;fcl4«;*ja!J5£*SI8:, #JXI4, 
&!)j££iTXcR S S I *X-'<^y K3B<D(£4*/8£ -f Ay 
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Title of Invention 

MULTI-MODULATION RADIO COMMUNICATIONS 

Detailed Description of Invention 

This application claims priority under 33 U.S.C. § 119(c) to U.S. Provisional Patent 
Application Serial No. 60/094,106, filed July, 24, 1998, of Kay, et al., f or MU LTI-MODE, MULTI- 
MODULATION POINT TO MULTIPOINT MICROWAVE RADIO SYSTEM, which U.S. 
Provisional Patent Application is Incorporated herein by reference. 

This patent document relates to a point to multipoint comm uni cations system 
described in the following patent documents filed concurrently herewith. Related patent applications 
are: 

U.S. Patent Application Serial No. 09/_. filed Inly_, 1999, of Kay. et al.; for 

MULTI-MODE, MULTI-MODULATION POINT TO MULTIPOINT COMMUNICATIONS; now 
U.S. Patent No._; 

U.S. Patent Application Serial No. 09/_, filed July_. 1999. of Corrigan, ct 

al.; for MULTI-TRANSPORT MODE RADIO COMMUNICATIONS; now U.S. Patent No. 


U.S. Patent Application Serial No. 09 / filed July_, 1999, of Lohman, et 

al.; for SERVICE SPECIFIC INTERFACING IN POINT TO MULTIPOINT COMMUNICATIONS; 
now U.S. Patent No._.; 

U.S. Patent Application Serial No. 09/_, filed July_, 1999, of Muhammad, 

« al.; for EXTENSION INTERFACE UNITS IN A COMMUNICATIONS SYSTEM; now U.S. 

Patent No._; 

U.S. Patent Application Serial No. 09/_, filed July_, 1999, of Kay, a al.; for 

AIR INTERFACE FRAME FORMATTING; now U.S. Patent No._ 

U.S. Patent Application Serial No. 09/_, filed July_, 1999, of Kay, et al.; for 

DEMAND ASSIGNED MULTIPLE ACCESS TECHNIQUES; now U.S. Patent No. 


U.S. Patent Application Serial No. 09/_. filed July_. 1999, of Muhammad. 

et al.; for MULTI-TRANSPORT MODE BUS COMMUNICATIONS; now U.S. Patent No. 


U.S. Patent Application Serial No. 09/_, filed July_, 1999, ofWendling. et 

al.; for 1:N REDUNDANCY IN A COMMUNICATIONS SYSTEM; now U.S. Patent No. 
_; and 

U.S. Patent Application Serial No. 09/_, filed July_, 1999, of Muhammad, 

ct al.; for TDM BUFFERING; now U.S. Patent No._; all of which are 

incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relate* radio communication* systems, and more particularly 
to digital radio communications systems. Even more particularly, the present invention relates to 
multiple modulations in a radio communications system. 
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Radio co mm unications devices are commonly known in the art of communications. 

A radio is a device that transmits and receives electromagnetic energy being within the range of 
frequencies known as radio frequency. Radios are commonly used in communications systems as a 
means to transmit and receive communications over a wireless communications link. Prior art radios 
5 have many applications, such as in FM broadcast radio, mobile ce llula r communications, point to 
point communications systems, and point to multipoint communications systems. 

Radios typically mf"* 1 of a radio transceiver that is responsible for producing the 
radio frequency power for transmission and receiving radio signals from other radio transceivers. 
Radios also include frequency converters that converts baseband signals to a radio frequency for 
10 transmission and converts received radio frequency signals back to baseband signals. 

An important part of the radio is the ■""d* 1 ", or modulator/demodulator unit. The 
modem modulates the baseband signals to the ca rrier frequency as is commonly known in the art. 

This changes the format of the baseband signal to a format that can travel great distances, as opposed 
to the baseband signal which has a very limited range. The modem also demodulates the m o d u l ated 
15 signals at the receiving radio. There are many different types of modulations that radios typically take 
advantage of, e.g. frequency modulation, amplitude modulation, phase modulation, etc. In addition, 
there are many types of modulations within each general modulation. For example, phase modulation 
includes phase shift keying, quadrature phase shift keying, quadrature amplitude modulation, etc. 

Prior art radios typically have a modem that operates using only one modulation mode. 

20 In some radio applications, such as a point to multipoint microwave radio 

communications system, it is advantageous to use different radios, wherein each radio uses a different 
modulation scheme. In a prior art point to multipoint communications, a fixed location central hub 
site contains radios that communicate with corresponding radios at fixed location remote sites. The 
fixed location remote sites are physically located at different distances from the hub site. Thus, the 
25 communications system is a point (hub site) to multipoint (many remote ates) communications 

system. Additionally, microwave radio signals, due to their extremely high frequencies, are limited by 
Une of sight and distance from the ratio transmitter. 

Consequently, a radio using one modulation mode will transmit a radio signal that 
will propagate or travel a different distance than a radio using a different modulation. Thus, in such a 
3 0 point to multipoint communications system, a first radio using a first modulation mode may only be 
able to communicate with the radios at the remote sites that arc closest to hub site and be within an 
acceptable bit error rate (BER). but the bit error rate may be unacceptable to the radios at the remote 
sites that are farther away from the hub site. Thus, a second radio using a second modulation is 
needed to communicate with the radios at the farther located remote sites, since the first radio only 
3 5 communicates using the one modulation mode. Additionally, a third radio using a third modulation 

may be needed to communicate with radios at remote sites outside of the range of the second radio. 
Alternatively, the third radio could be used to communicate with the radios at all of the remote sites; 
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however, the third radio uses a modulation mode that requires mare bandwidth than the first or 
second radio to transmit signals, which docs not allow for efficient use of the communications link. 
Th e r ef ore, disadvantageous^, different radios, each using modems that support one modulation mode, 
are needed at the bub site to communicate with the radios located at remote sites which are varying 
5 distances hum the hub site. 

SUMMARY OF THE INVENTION 

The present invention advantageously addresses the needs above as well as other 
needs by providing a multi-modulation radio including a multi-modulation modem, and related 
10 methods of radio communication, that support multiple modulations within a single radio unit. 

In one em bo di ment, the present invention can be characterized as a radio 
comprising a multi-modulation modem, wherein the multi-modulation modem includes a modulator 
that nwhiintes signals using a plurality of modulations. The radio also comprises a frequency 
converter coupled to the multi-modulation modem for converting the signals to a radio frequency and 
15 a transceiver unit including an antenna coupled to the frequency converter for transmitting the signals 
over a radio communications link. 

In a further embodiment, the present invention can be characterized as a modem 
comprising a multi-modulation modem. The multi-modulation modem includes 
a modulator that includes a modulation selector unit. The modulator modulates signals using a 
2 0 plurality of modulations and the modulation selector unit selects respective ones of the plurality of 

modulations to modulate the signals. The multi-modulation modem also includes a demodulator for 
demodulating the signals using the plurality of modulation modes. 

In an additional embodiment, the present invention can be characterized as a 
method, and means for acco mp lishing the method, of radio transmission comprising the steps of: 

2 5 receiving signals into a radio: modulating the signals using respective ones of a plurality of 

modulations; converting the signals, having been modulated, to a radio frequency; and transmitting 
the signals over a radio communications link. 

In yet another embodiment, the present invention can be characterized as a method, 
and means for accomplishing the method, of radio reception comprising the steps off receiving signals 

3 0 from a radio communications link into a radio, wherein the signals are modulated with respective 

ones of a plurality of modulations; converting the signals from a radio frequency to a digital baseband; 
and demodulating the signals having been modulated with the respective ones of the plurality of 
modulations. 

In a further embodiment, the present invention can be characterized as a method of 
3 5 modulation comprising the steps of: receiving signals into a modulator, converting the signals to 

symbols; formatting the symbols into bursts; mapping the bursts into respective ones of a plurality of 
constellations, wherein each of the plurality of constellations corresponds to a respective one of a 
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plurality of modulations: and modulating the bunts using respective ones of the plurality of 
modulations. 

In a supplementary embodiment, the present invention can be characterized as a 
method of demodulation comprising the steps of: receiving complex symbols into a demodulator. 

5 wherein the complex symbols have been modulated using respective ones of a plurality of 

modulations; obtaining a gain estimate of the complex symbols having been received; obtaining a 
timing estimate <rf the complex symbols having been received; obtaining a phase estimate of the 
complex symbols having been received; obtaining a frajuency offset estimate of the complex symbols 
having been received; minimizing mteraymbcl Interference using an equalizer, and mapping using a 
10 multi-modulation slioer. the complex symbols to respective ones of a plurality of constellations, 
wherein each of the plurality of constellations corresponds to a respective one of the plurality of 

modulations. 

In an additional embodiment, the present invention can he characterized as a 
method of providing accurate parameter estimates of received complex symbols in a demodulator 
15 comprising the steps <rf; receiving complex symbols fiora a burst into a demodulator, the bura r^tag 
been transmitted over a communications channel; loading stored interpolation coefficients into a 
precondition filter, wherein the stored interpolation coefficients represent a true timing offset of the 
communications channel as seen by the demodulator, whereby the communications channel has been 
equalized; correlating the received complex symbols from the burst using the precondation filter 
20 having been loaded; detecting the burst; and estimating parameters erf the burst having been detected, 
whereby the estimating step is performed with the communications channel having been equalized. 

In a further additional embodiment, the present invention can be characterized as an 
acquisition section of a demodulator for allowing accurate parameter estimation. The acquisition 

includes a preeonelation filler for receiving complex symbols comprising bursts, wherein the 
25 burets have been transmitted over a communications channel, a burst detector coupled to the 

precondation filter, and a parameter estimator coupled to the burst detector. The acquisition section 
also includes an equalizer coupled to the parameter estimator and a coefficient memory coupled to the 
equalizer and the precondation filter. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and advantages of the present invention will 

be more apparent from the following more particular description thereof presented in conjunction 
with the following drawings wherein: 

FIG. 1 is diagram of a point to multipoint microwave radio system architecture in 

3 5 with one embodiment of the present invention; 

FIG. 2 is block diagram of network dements of the embodiment of the point to 

multipoint microwave radio system shown in FIG. 1; 
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FIGS. 3A and 3B art diagram* of the channelization used in one embodiment of the 
point to multipoint system shown in FIG. 2 illustrating the frequency reuse with multiple c h a nn e l s 
that support multiple modulation modes; 

FIG. 4 is a diagram of the TDMA jupcrfnune air interface format used by the point 
5 to multipoint system of FIG. 2; 

FIG. 5 is a diagram of an air interface frame format for a single flame of the 
superframe formal of FIG. 4; 

FIG. 6 is a diagram of a traffic bum that is formatted for use in the air interface 
frame formal of FIG. 5 illustrating a split preamble in accordance with one embodiment of the present 
10 invention; 

FIG. 7A and 7B are diagrams of a qual bust and single burst, respectively, that are 
part of the data section of the traffic burst shown in FIG. 6; 

FIG. 8 is a diagram of the overhead section of the air interface frame format of FIG. 
5; 

15 _ FIG. 9 is a functional block diagram of the multi-mode, remote terminal as described 

in FIG. 2 having service specific interface modules attached; 

FIG. 10 is a functional block diagram of a timing recovery system used in the multi- 
mode remote terminal of FIG. 9 to recover the timing sent from the multi-mode hub terminal of FTQ. 
2 ; 

20 FIG. 11 is a functional block diagram of a mult)-modulation modem ASIC used In 

the multi-mode remote terminal of FIG. 9 or the multi-mode hub terminal of FIG. 14; 

FIG. 12 is a functional block diagram of a parameter estimation performed in the 
multi-modulation modem of FIG. 11 and using the split preamble feature shown in FIG. 6; 

FIG. 13 is a block diagram of the hub site of the embodiment described in FIG. 2 
25 containing multi-mode hob terminals and transmission equipment; 

FIG. 14 is a fonetinnai block diagram of a multi-mode hub terminal as described In 
FIGS. 2 and 13 having service specific interface modules attached; 

FIG. IS is a diagram of the multi-transport mode cell bus frame format used by one 
embodiment of the multi-transport mode cell bus and how it relates the air interface frame format of 
30 FIG. S; 

FIG. 16 is a diagram of an intermodule communication cell format transmitted on 
the multi-transport mode cell bus of FIG. 13; 

FIG. 17 is a diagram of a cell bus data cell format transmitted on the multi-transport 
mode cell bus of FIG. 13; 

35 FIG. 18 is a timing diagram for the multi-transport mode cell bus of FIG. 13; 
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FIG. 19 is a flowchart illustrating the steps performed for data transfer between the 
indoor units of the multi-mode hub terminal and the indoor units of the multi-mode remote terminals 
over the communications for the embodiment shown in FIG. 2; 

FIG. 20 is a block diagram of a quad DS1/AAL1 service specific interlace module 
5 used in the embodiment of the point to multipoint system of FIG. 2; 

FIG. 21 is a block diagram of a TDM DS3 sendee specific Interlace module used in 
the embodiment of the point to multipoint system of FIG. 2: 

FIG. 22 is a block diagram of an ATM OC3c servioe specific interface module used 
in the embodiment of the point to multipoint system of FIG. 2; 

10 FIG. 23 is a Mode diagram of a DS3 transparent service specific interface module 

used in the embodiment of the point to multipoint system of FIG. 2; 

FIG. 24 is a diagram of a data cell that is formatted by the DS3 tranqsarera SSI 
module in the embodiment of FIG. 23; 

FIGS. 23 A and 2SB are functional block diagrams of a multi-transport mode service 
IS specific interface module having 8 T1 ports and a multi-transport.mode servioe specific interlace 
module having 4 Tt ports and 4 LAN ports, respectively, used in the point to multipoint system of 
FIG. 2; 

FIG. 26 is a diagram of an ATM switch used in the ATM OC3c SSI module of FIG. 
17, configured for the multi-modulation environment of the point to multipoint system of FIG. 2 
20 illustrating a demand assigned mnltlplc access (DAMA) technique as well as an ATM address 
filtering technique; 

FIG. 27 is a flowchart illustrating the demand assigned multiple access technique as 
well as the ATM address filtering technique described in FIG. 26; 

FIG. 28 is a diagram of the structure of a standard ATM cell; 

25 FIO. 29 is a diagram of the structure of a TDM cell formatted to include: a header 

section containing an ATM specific header and signaling data; and a data section containing pulse- 
codc-modulated data used in accordance with one embodiment of the point to multipoint system; 

FIG. 30 is a diagram of an ATM address filtering technique performed by service 
specific interface modules to fitter the ATM oells of FIG. 28 and the TDM cells of FIG. 29 received 
30 from a mixed transport mode source; 

FIGS. 31A and 3 IB arc flowcharts illustrating the steps performed in two variants 
of the ATM address filtering techniques described in FIG. 30: 

FIG. 32 is a block diagram of extension indoor units coupled to the indoor unit of 
multi-mode remote terminals of FIG. 9; 

3 S FIG. 33 is a functional block diagram of a fiber extender module used to connect the 

indoor unit of the multi-mode remote terminal of FIG. 9 and the extension indoor unit of FIG. 32 
together via an extension fiber link; 
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FIG. 34 is a timing diagram illustrating the delays involved in the transfer of data 
from the indoor nnit of the multi-mode remote terminal of FIG. 9 to the extension indoor unit of FIG. 
32; 

FIG. 33 is a diagram illustrating a demand assigned multiple access (DAMA) 

5 technique used in one embodiment of the point to multipoint system of FIG. 2 such that bandwidth is 
dynamically changed based upon channel condition; 

FIG. 36 is a flowchart illustrating the steps performed in the demand assigned 
multiple access technique shown in FIG. 23; 

FIG. 37 is a block diagram for a 1:N redundancy system used at the hub sites in one 
10 embodiment of the point to multipoint system of FIG. 2; 

FIG. 38 is a flowchart for the steps undertaken in order for a backup hub terminal 
shown in FIG. 37 to detect an on-line hub terminal failure in the 1 :N redundancy embodiment of the 
point to multipoint system of FIG. 2; 

FIG. 39 is a memory structure for buffering pulse-code-modulated (PCM) data and 
15 signaling for use within the TDM-based service specific interface modules described in FIGS. 20, 21, 
23A, and 2SB in one embodiment of the present invention; 

FIG. 40 is a pulsc-codc-modulated maiming control structure memory to be used 
with memory structure of FIG. 39 for TDM buffering In the TDM-based service specific interface 
modules used ia one embodiment of the present invention; 

20 FIG. 41 is a cell format for a TDM ceil used in TDM buffering in the TDM-based 

service specific interface modules to pack the pulse-code-modulated (PCM) data and signaling from a 
single DSO into the TDM cell in accordance with the embodiments shown in FIGS. 39 and 40; 

FIG. 42 is a cell format for a TDM cdl used in the TDM buffering in the TDM- 
based service specific interface modules to pack pulse-code-modulated (PCM) data and signaling from 
25 multiple DSOs into a single TDM cell in accordance with the embodiments shown in PIGS. 39 and 

♦ 0 ; 

FIG. 43 is a cell fbrmal for a TDM cell used in the TDM buffering in the TDM- 
based service specific interface modules to pack multiple DSOs with embedded framing in accordance 
with the embodiments shown in FIGS. 39 and 40; 

3 0 FIGS. 44 A and 44B are flowcharts illustrating the TDM buffering as described in 

FIGS. 39 through 43, done at the TDM-based SSI modules of the point to multipoint system for traffic 
flow both in and out of the TDM-based service specific interface modules; 

Corresponding reference characters indicate corresponding components throughout 
the several views of the drawings. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description of the presently contemplated best mode of practicing the 
invention is not to be taken in a limiting sense, but is made merely for the purpose of describing the 
general principles of the invention. The scope of the invention should be determined with reference to 
5 the claims. 

Referring first to FIG. 1, a diagram of a multi-transport mode, multi-modulation 
point to multipoint microwave radio system (hereinafter referred to as the point to multipoint system) 
architecture in accordance with one embodiment of the present invention is shown. The point to 
multipoint system 100 includes a central office 102, a public switched telephone network (PSTN) 104, 
10 an Internet service provider 106, and other n et w orks 108. The point to multipoint system 100 also 
includes bub sites 110 each having multi-mode hub terminals 112 (hereinafter referred to as hub 
terminals) and multiple multi-mode remote terminals 114 (hereinafter referred to as remote terminals) 
associated therewith. The multiple remote terminals 114 are located within multiple sectors 116 ("pie 
slices’). The hub terminals 112 are coupled to the multiple remote terminals 114 via multiple 
15 communications links 118. The point to multipoint system 100 further includes a transport network 
120, and an element management system (EMS) 122. 

The public switched telephone network 104, the Internet service provider 106, the 
transport network 120 (also referred to as the backhaul), and the other networks 108 are coupled to 
the central office 102. The transport network 120 couples the central office 102 to the hub sites 110 
20 and to the element management system 122. Each hub terminal located at a hub site 110 

communicates with respective remote terminals 114 in a sector by a communications link 118. 

Throughout the specification, terminology is used to describe a particular device or 
aspect of the point to multipoint comm uni cations system. When using the phrase ’multi-modulation 
(device)*, the capability of the device to use multiple modulations is referred to. When using the 
25 phrase "multi-transport mode (device)*, the capability of the device to support multiple transport 

mode signals, such as synchronous signals (e.g. TDM signals) and asynchronous signals (e.g. ATM 
signals) is referred to. When using the phrase "multi-mode (device)*, both multi-modulation and 
multi-transport mode features are being referred to. Furthermore, the terminology of signals is used 
to generically describe the different types of traffic transported through the point to multipoint system. 
30 In accordance with this embodiment of the present invention, a competitive local 

exchange carrier (CLEC) uses the point to multipoint system 100 to provide a variety of services to 
subscribers who interface with the point to multipoint system at the remote terminals 114. The 
central office 102 provides the voice and data switches, as well as multiplexing equipment, for 
services to and from the paint to multipoint system 100 while the element management system 122 
3 5 (hereinafter referred to as the EMS) manages the point to multipoint system, controlling the switches 

in the central office 102 and the various elements at the hub sites 110 and the remote terminals 114. 
Thus, the central office 102 couples to the services provided to the subscribers including public 
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Twitched telephone services 104, Internet services, and other networks 108. such as other exchange 
carnets or data delivery systems. Thus, the point to multipoint system 100 provides multimedia 
services including data, voice, and video to the subscribers at the remote terminals 114. The transport 
network 120 distributes the information between the central office 102 and each hub terminal 112 at 
5 the hub site 110. 

Tim point to multipoint hub site 110 comprises one or mote hub terminals 112 for 
each sector 116 depending on multiple channels and location of the subscriber promises containing 
the remote terminals 114 (described further in FIG. 2). Each hub terminal supports one subchannel of 
the channel. Each subchannel is a subset of (he total freqcuncy bandwidth or channel bandwidth. For 
10 simplicity of illustration, only one hub terminal 112 (also refere nced to as a sector radio) is shown per 
sector 116 in FIG. 1. Each bub terminal 112 is a sector radio used to communicate with the remote 
terminals 114 within its particular sector 116. Each bub terminal 112 (sector radio) communicates 
via the communications link 118 with the remote terminals 114, which are also sector radios. The 
subscribers are able to connect to the remote terminal 114 through a subscriber interface or service 
15 specific interface module (hereinafter referred to as an SSI module). T1 or El lines, as well as other 
communications lines further described below, extend from the SSI modules to the subscribers' 
equipment. T1 and El lines are well known in the art of telecommunications and thus, no further 
explanation is made herein. 

The point to multipoint system 100 of the embodiment shown advantageously 
20 transmits over tbe communications link 118 in a time division multiple accessftime division multiple 
access fashion (TDMA/TDMA). This means that in the downlink direction (from the hub terminal 
112 to the remote terminal 114), the radio interface is a lime division multiple access link, and that in 
the uplink direction (from the remote terminal 114 to the hub terminal 112), the radio interface is a 
time division multiple access link. This is a departure from prior art point to multipoint systems that 
25 transmit in a time division multiplexed (TDM) manner or that transmit continuously in the downlink 
direction. Use ofTDMA in the downlink (also referred to as discontinuous transmission) facilitates 
the deployment of switched beam antennas (which may be sectored antennas) at the hub terminals;. 
Switched beam antennas reduce interference and increase the transmission range as described in more 
detail with referen ce to FIGS. 3 A, 3B and 14. Alternatively, the point to multipoint system 100 may 
30 use a continuous transmission in the downlink; however, disadvantageousiy, switched beam antennas 
oould not be used as are ideally used in the p ref e r red embodiment. 

In addition to operating in a TDMA fashion in the downlink, the point to multipoint 
System of the present embodiment is configured to cany signals using multiple transport inodes. 
Specifically, the point to multipoint system of the present embodiment is able to interface with 
35 asynchronous signals, i.e. signals transmitted asynchronously, such as asynchronous transfer mode 
(ATM) as well as synchronous signals, i.e. signals transmitted synchronously, such as time division 
multiplexed (TDM). Asynchronous signals sue sent without regard to a specific time and arc routed 
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fra sfd upon header information, while synchronous signals ate sent according to specific time and ate 
routed based upon the time received. Prior art point to multipoint systems are either all synchronous 
(e.g. TDM) or all asynchronous (e.g. ATM), and thus, two redundant sets of infrastructure are 
required in accordance with the prior ait when both TDM and ATM are to be employed. It is 
5 particularly advantageous to have a system that services both transport modes tw su tn se not only can a 

m fr ffriher now take advantage of well established TDM-based voice services, but can also utilize high 
f f»~H (fata and muirtmedta ATM services. Advantageously, these transport inodes can both be 
employed using a single infrastructure making up the point to multipoint system 100. The details of 
how the point to multipoint system is able to cany both ATM-based and TDM-hased communication 
10 are discussed further below. 

The bub terminals 112 (which are sector radios) and the remote terminals 114 
(which are sector radios) of the point to multipoint system of the present embodiment also, 

advantageously contain multi-modulation modems creating an air flame format capable of 
transmitting using multiple modulation inodes on a burst-by-burst basis. Thus, a single hub terminal 
15 112 may transmit one buret using one modulation mode and the next burst using another modulation 

mode. This the hub terminal 112 to transmit to all of the remote terminals 114 in its 

particular sector 116, regardless of what modulation mode is employed by each of the remote 
terminals 114 or which region it is in. 

In prior an point to multipoint systems. 

20 n radios (hub terminals 112) are needed for n modulation modes within a sector 116, whereby each of 
the n radios transmits using a different modulation mode. And, the use of multiple modulation inodes 
within a given sector is an exception to general practice. To the contrary, higher order modulation 
inodes can be used only when channel conditions are of high quality. So, these higher order 
modulation modes are typically ||W * to effect communications with remote terminals 114 that arc 
25 relatively close to the hub terminal 112. On the other hand, when the remote terminal 114 is in a 
region farther away, a more robust modulation mode is needed to reduce the bit error rate. And. two 
or more regions may be defined within each sector 116 with remote terminals 114 in each region 
employing the highest order modulation mode (most bils/second/Hz) available with sufficiently a low 
bit error rate. As a result, prior art point to multipoint systems require not only multiple hub 
30 terminals 112 per sector 116 for multiple transport modes, but, further require multiple hub terminals 
112 per sector 116 in order to support multiple modulation modes. Thus, for example, six hub 
terminals 112 per sector 116 may be required to support two transport modes and three modulation 
modes per sector (not withstanding redundancy considerations, which would double the number of 
hub terminals if for example, a 1:1 redundancy system is used). The various components of the point 
35 to multipoint system of the present embodiment are configured to handle the multi-transport mode 
and multi-modulation mode capabilities and are described throughout the specification. 
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Thus, the bub terminals 112 and the remote terminals 114 are capable of 
transmitting and receiving signals using both asynchronous (ATM) and synchronous (TDM) transport 
modes. Furthermore, the hub terminals 112 and remote terminals 14 can modulate and demodulate 
these signals using multiple modulation modes, such as quadrature phase shift keying (QPSK), 16- 
5 quadrature amplitude modulation (16-QAM), and 64-quadrature amplitude modulation (64-QAM), on 
a burst-by-burst basis within the TDMA/TDMA air interface frame formal. The system is not limited 
to these modulations and could be configured for BPSK. 32-QAM, 128-QAM, and 236-QAM, for 
example. 

Typically, the point to multipoint system operates within a city or a business park of 
10 a metropolitan area, or other defined area. In such an area, there is a concentration of potential 

subscribers. A transport network 120, such as • high speed Synchronous Optical Network (SONET) 
ring, is spread throughout the defined area. The SONET ring is well known in the ait The hub sites 
110 arc also spread throughout the defined area and connect to Lhc transport network 120. The 
central office 102 switches the services to be provided to the hub terminals 112 at the hub sites 110 via 
15 the SONET ring. Each hub terminal 112.has an indoor unit (also referred to as a channel processing 
unit) located within a hub site building that houses the hub site 110 and couples to the transport 
network 120. Each hub terminal 112 also has an outdoor unit (abo referred to as a transceiver unit), 
typically located on the roof top of the hub site building. The outdoor unit of the hub terminal 112 
communicates with a corresponding outdoor unit of a remote terminal 114 typically located on the 
20 rooftop of the subscriber's premises. The outdoor unit of the remote terminal 112 communicates with 

an indoor unit of the remote terminal 114 within the subscriber's premises. The subs c rib ers interface 
to the point to multipoint system through one of a plurality of service specific interface modules (SSI 
modules) installed into the indoor unit of the remote terminal 114. 

The communications link 118 between each hub terminal 112 and its respective 
25 remote terminals 114 is a line of sight microwave radio communications link, so the communications 
link 118 is limited by distance depending on the modulation mode selected by the hub terminal 112. 
For example, a signal modulated with QPSK will typically travel only about 3 km with an acceptable 
bit error rate (BER), i.e. about 10*” or less. A signal modulated with 64-QAM will travel even less 
distance (i.e., 1000m) with the acceptable bit error rate. Furthermore, the microwave radio signals are 
30 limited by the transmit power output of the outdoor units or transceiver units. Although the 
communications link 118 in the present embodiment is a microwave radio signal, the present 
embodiment should be understood, in other variations as not limited to microwave signals, but rather 
potentially comprising other mediums (or combinations of mediums) such as those known in the art, 
such as wireline, cable, and power line communications links. Furthermore, the point to multipoint 
3 5 system 100 is not limited to terrestrial applications. The point to multipoint system may include hub 
sites and remote terminals that are earth stations having satellite link between thorn. Thus, the 
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concept of multi-transport mode, multi-modulation communication extendi to all forms of point to 
multipoint communication. 

Referring to FIG. 2, a block diagram of the point to multipoint microwave radio 
system 200 in accordance with the present embodiment of FIG. 1 is shown. Each remote terminal 114 
5 (multi-mode remote terminal) in the point to multipoint system 200 includes: an indoor unit 202, 
service specific interface modules (hereinafter referred to as SSI modules) 204. outdoor unit 206, 
intrafecility link 208. and a communications link 210. The hub terminals 112 (multi-mode hub 
terminals) of the htib site 110 include: outdoor unit 212, hub indoor unit 214, intrafacility link 216, a 
Digital Signal 3 TDM SSI module 218 (hereinafter referred to as a TDM-DS3 SSI module), an ATM 
10 optical carrier level 3c SSI module 220 (hereinafter referred to as an ATM-OC3c SSI module), a DS3 
line 222, an OC3c line 224, a DS3 transparent SSI module (not shown and also included at the hub 
site 110), and optional transmission equipment 232 including a TDM multiplexer (TDM MUX) 226, 
and an optional ATM multiplexer (ATM MUX) 228. The transmission equipment 232 is coupled 
through the transport network 246 (also known as the backhaul) to the central office 102. The central 
15 office 102 includes: an optional TDM multiplexer 230, an optional ATM multiplexer 232, data switch 
234, voice switch 236, DS1/DS3 lines 238, OC3c/Oel2c lines 240. dedicated lines 230, and an 
element manager 244 within the EMS 122. The common equipment 248 includes the remaining hub 
terminals 112. 

The subscriber interfaces with the point to multipoint system 200 through the 
20 remote terminals 114 located at the subscriber's premises. An SSI module 204 is inserted into a 
service specific interface port or slot (hereinafter referred to as an SSI port) that is built into the 
chassis of an indoor unit 202 (or channel processing unit) oflhe remote terminal 114. 

The indoor unit 202 (channel processing unit) of the remote terminal is loaded 
within the subscriber’s premises. The indoor unit 202 of the remote terminal 114 multiplexes traffic 
25 to and from the subscriber and the point to multipoint system through the SSI module 204. The 
indoor unit 202 is coupled to the intrafedlity link 208 and includes a multi-modulation modem, air 
frame formatting logic (within the multi-modulation modem and bust controller of FIG. 9) and a 
subscriber interface multiplexer function in one unit Each indoor unit 202 (channel processing unit) 
of the remote terminal 114 has four SSI ports to allow for several different subscriber interfeces or 
30 service specific interlace modules 204, toTl orEl lines for example, as discussed with reference to 
FIGS. 20-23B. It is the SSI modules 204 in connection with the processors of the indoor unit 202 that 
multiplex the synchronous signals (e g.,TDM) and asynchronous signals (e.g.,ATM) into the indoor 
unit 202. The SSI modules 204 multiplex the TDM and ATM traffic onto a multi-transport mode cell 
bus (see FIGS. 13-18). Additionally, the SSI modules perform unique TDM buffering techniques (see 
3 5 FIGS. 39-44B) and ATM address filtering techniques (see FIGS. 30-3 IB) to enable the SSI modules 

to format the ATM and TDM traffic for the multi-transport mode cell bus. The multi-transport mode 
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cell bos has a bus frame format (see FIG. IS) to allow for both TDM cells and ATM cdIs to be placed 
thereon interchangeably. 

Thus, the res of the point to multipoint system does not need to be modified to 
transfer signals using both TDM and ATM transport modes. Cell formatters (also referred to as 
5 signal formatters) ofthe SSI modules (at the remote terminal 114 and the hub terminal 112) format 
the TDM traffic or signals into TDM ceils that are the same size as a standard ATM cell (i.e_. 33 
bytes) Thus, the cell formatters ofthe SSI modules 204 format the TDM cells and ATM cells in such 
a way that they appear to be the same type of cell to the rest of the point to multipoint system; 
however, the SSI modules have formatted the TDM cells and the ATM cells such that they are 
10 distinguished at the SSI modules of the receiving communications terminal. Thus, the multi-transport 
mode cell bus carries cells, such that it docs not distinguish between whether the cells are TDM cells 
or ATM cells. The mixed traffic (TDM and ATM cells) on the multi-transport mode cell bus is 
mapped directly to a corresponding air Interface Dame format (see FIGS. 5 and 13) for transmission 
over the communications link 210. The mixed traffic is received over the communications link 210 
15 and back to the multi-transport mode cell bus frame format from the air interface frame 

format (See FIG. 13). The multi-transport mode cell has carries the mixed traffic to the SSI modules 
204 wherein the cel! formatters (i.e,, signal formatters) of the SSI modules 204 sort and separate the 
TDM cells from the ATM cells. The TDM cells are sorted according to time slots with a time plan as 
is conventionally done in a TDM system, while the ATM cells are sorted according to header 
20 infbrmation. Therefbre. the point to multipoint system 200 Is able to carry both ATM and 1UM by 
formatting the TDM data and the ATM cells in a unique frame structure and multiplexing them in 
and out of the point to multipoint system 200 at the SSI modules 204 (See FIGS. 20-25B for more 
dftalig on SSI modules). The details of this operation are discussed throughout the specification. 

The indoor unit 202 ofthe remote terminal 114 further supports a fiber extender 
25 module that plugs into one of the SSI ports to allow connection to an extension indoor unit. This 

allows for linear growth in the n under of subscriber Interfeces (i.e., SSI modules) that can be 
supported by the indoor unit 202 ofthe remote terminal 114. The fiber extender module and 
extension indoor unit are discussed with reference to FIGS. 32-34. 

The outdoor unit 206 (ODU) (or transceiver unit) of the remote terminal 114 is 
3 0 mounted, typically, on the roof top of the subscribers premises. The outdoor unit 206 of the remote 

terminal 114 communicates with the indoor unit 202 of the remote terminal 114 via the intrafedlity 
link 208 and communicates with the hub terminal 112 with the communications link, which is a 
microwave radio communications link 210. The outdoor unit 206 of the remote terminal 114 
comprises an antenna, power amplifier, low noise receiver, converters, intrafedlity link interface, and 
3 5 alignment features and is further described in FIG. 9. 

The intrafadlity link 208 (IFL) comprises a single coaxial cable that connects the 
indoor unit 202 (also referenced as the channel processing unit) of the remote terminal 114 to the 
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outdoor unit 206 (also referenced as the transceiver unit) of the remote terminal and is further 
described with reference to 

FIG. 7. The intrafacility link 208 carries DC power to operate the outdoor unit 206 of the remote 
terminal 114 control signals, and a reference frequency. The Inualhcility link 208 uses a frequency of 
5 70 MHz from the outdoor unit 206 of the remote terminal 114 to the indoor unit 202 of the remote 

terminal 114, and a frequency of 160 MHt from the indoor unit 202 of the remote terminal 114 to the 
outdoor unit 206 of the remote terminal 114. 

The communications link 210 or air interface 210 is a 38 GHz microwave radio 
channel. The point to multipoint system 200 of the present e m bodi men t supports the following 
10 frequencies: 5.2 GHz, 24 GHz, 28 GHz, and 38 GHz although a wide range of frequency bauds may 
be employed. The channelization of the present embodiment divides a 60 MHz channel into 4 
subchannels, each with 12.5 MHz and each operating at a symbol rate of 10 Msps. Additionally, the 
point to multipoint system may use multiple SO MHz channels such that more than one hub terminal 
112 is within each sector and uses the same symbol rate of 10 Msps. The channelization is not 
15 limited to 30 MHz channels divided into 4 subchannels using specific symbol rates. A wide variety of 
channel band widths could be selected and divided into a wide variety of subchannels using various 
symbols rates. Also, frequency reuse capabilities may be used for multiple frequency channels as 
described in FIGS. 3 A and 3B. 

As mentioned above, the point to multipoint system 200 operates through the 

2 0 communications link 210 in a TDMA/TDMA format in both uplink and downlink directions. Signals 

transmitted include both TDM and ATM traffic which are mixed within the same air interface frame 
format The signals are modulated using multiple modulation modes on a burst-by-burst basis. This 
embodiment transmits using Quadrature Phase Shift Keying (QPSK), 16-Quadrature Amplitude 
Modulation (I6-QAM). and 64-Quadrature Amplitude Modulation. The point to multipoint system 
25 supports all three burst types In the same TDMA frame. In practice. QPSK operates at a slower bit 
rate and is used to Increase the range of the system; 64-QAM is used for closer remote terminals for 
better spectrum efficiency, and 16-QAM is ideally used for mid-range remote terminals 114. (Note 
that the feature of the present embodiment, however, such as the availability of multiple modulation 
modes is particularly advantageous in the microwave range, as channels in this range tend to rapidly 

3 0 degrade with distance during rain fades and require line of sight to function.) Furthermore, the bursts 

on the air interface frame format are differently sized to be mixed and matched wiihin the air interface 
frame format (see FIG. 3). 

The hub site 110 of the point to multipoint system 200 supports a multi-sector, 
multi-frequency cell, with each sector being serviced by at least one hub terminal 112 (sector radio) 

3 5 using a subchannel. It consists of two main components: the hub terminals 112 (also referenced as 

multi-mode hub terminals) and transmission equipment 232. The hub terminals 112 are further 
discussed with reference to FIGS. 9 and 10. One hub terminal 112 is shown in FIG. 2 while the 
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remaining hub terminals are represented as common equipment 248. Each hub terminal 112 
transmits and receives multiple transport mode signals (e.g. ATM and TDM) using multiple 
modulation modes (QPSK, 16-QAM, and 64-QAM) just as the remote terminals 114 transmit and 
receive signals using multiple transport modes and using multiple modulation modes. Each hub 
5 terminal 112 (sector radio) and has one channel processing unit 214 (indoor unit 214) and one 
transceiver unit 212 (outdoor unit 212). A hub terminal 112 having an outdoor unit 212 can 
communicate with all of the remote terminals 114 within the particular sector, regardless of in which 
region (i.e., radial distance) the remote terminal 114 is located from the hub terminal 112. This is an 
improvement over traditional point to multipoint systems that need one radio per region per sector. 

10 Thus, a radios are needed for a prior art point to multipoint system, where n equals the nomber of 
sectors times the number of regions in the sector. The present embo di m e n t requires only 1 radio per 
sector regardless of the number of regions. 

A region within a sector (’pie slice*) can generally be thought of as an area bet w e en 
two <li<nir« from the hub terminal. However, regions are more accurately defined by the channel 
15 quality that can be achieved at the receiveis of the remote terminals and the receivers of the hub 
terminals. The remote terminals may thus be 'grouped* according to channel quality, with remote 
terminals receiving higher channel quality being referred to as being in ’closer* regions and remote 
terminals receiving lower channel quality being referred to as being in regions that are ‘fhnhcr* away. 
As channel quality generally corresponds with radial distance, the terms are used interchangeably 
20 with r efe ren ce to the term ’regions*. Far example, a remote terminal very close (eg. up to 1000 m) to 
the hid* terminal may be in one region while a remote terminal farther away (e.g. 3 km) is in another 
region. Both remote terminals are in the same sector but are at a different ’distance” from the hub 
terminal. Thus, a higher order modulation (which requires more bits/second/Hz) is possible between 
the close remote terminal 114 and the hub terminal 112 while a hub terminal 112 using a lower order 
25 modulation (requiring fewer bilsfaecond/Hz) is needed to communicate with the farther remote 
terminal. 

The present embodiment improves prior art systems in that the present embodiment 
does not require one hub terminal 112 for each region within each sector. Instead, each hub terminal 
112 may transmit using multiple modulation modes and; thus, can communicate with all remote 
30 terminals 114 within its sector regardless of the regions in which the remote terminals are located. 

The hub site 110 may also include transmission equipment 232 including a TDM 
multiplexer 226 and an ATM multiplexer 228. to the transport network 246. The transmission 
equipment 232 is optional in this embodiment, and if the transmission equipment 232 is not located at 
the hub site, similar equipment is located at the central office 102. 

35 Additionally, a concentrator is not needed in the present design of the hub terminal 

112. In prior art systems, a concentrator splits concentrated traffic into separate traffic streams, each 
stream going to a differently modulated hub terminal 112. Because a single hub terminal in the 
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present embodiment transmits using multiple modulations on a burst-by-bunt basis, a concentrator is 
not needed. The ’concentrated* traffic is simply sent directly to the hub terminal 112 which transmits 
the traffic multiplexed over the air. 

The outdoor unit 212 (transceiver unit) of the bub tenninal 112 is the same as the 
5 outdoor unit 206 of the remote terminal 114. The outdoor unit 212 oftbe hub terminal comprises an 
integrated 38 GHz transceiver and antenna. Transmit and receive bands are swapped with respect to 
the transmit and receive bands of the outdoor unit 206 of the remote terminal 114. The outdoor unit 
212 of the hub terminal 112 is typically located on top of the building that contains the hub site 110. 

Similar to the indoor unit 202 oftbe remote terminal 114, the indoor unit 214 
10 (channel processing unit) of the hub terminal 112 is connected to the outdoor unit 212 (transceiver 
unit) of the hub terminal 112 by an intiafacility link 216. The intrafadlity link 216 is a single coaxial 
cable that carries power for the outdoor unit 212, a reference frequency, uplink and downlink 
intermediate frequency signals, and a telemetry link. 

The indoor unit 214 at the hub tenninal 112 is similar to the indoor unit 202 of the 
15 remote tenninal 114. The indoor unit 214 also supports multiple transport mode signals using 
multiple modulation modes. The indoor unit 214 includes the intermediate frequency transceiver 
section, a channel and control processor, and three types of interfaces to transmission equipment 252. 
Tim first type of interface is a TDM-DS3 SSI module 21B, described in FIQ. 21. to support the DS3 
connection to a TDM multiplexer 226 for carrying TDM traffic. The second type Is a DS3 transparent 
2 0 SSI module (not shown). The DS3 transparent SSI module, described in FIG. 23, is intended for 
point to point links between the hub terminal 112 and the remote terminal 114. This point-to-point 
link uses the entire bandwidth of the radio (e.g. 12.5 MHz) and is unique in the fact that a point to 
point link can be created within a point to multipoint system (see FIG. 23). And the third type is an 
ATM-OC3C SSI module 220, described in FIG. 22, used for carrying traffic with ATM cells to an 
2 5 ATM multiplexer 228. The hub sate 110 and hub terminals 112 are described in more detail with 
reference to FIGS. 13 and 14. Note that a DS3 is a digital signal level 3 and an OC3c is an optical 
carrier level 3 concatenated, both of which ate known in the ait of telecommunications. 

The hub terminals 112 are supported by 1:1 redundancy switching. For each hub 
terminal 112, there is a one for one redundant outdoor unit (206. 212) and indoor unit (202, 214). For 
30 example, if either the indoor unit 214 of the hub terminal 112 or the outdoor unit 2,12 of the hub 
terminal 112 foils, a backup hub tenninal (not shown) including a outdoor unit (not shown) and 
indoor unit (not shown) are automatically switched in to replace the foiled bub tenninal 112. Thus, 
one backup bub terminal is needed for each hub terminal 112. The 1:1 redundancy system is shown 
in FIG. 13. 

39 Alternatively, a novel 1;N redundancy system may be used for bub terminals 112 

within the same sector and having the same antenna profile as described with reference to FIG. 32. 
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The transmission equipment 252 multiplexes traffic from all the indoor units 214 of 
the hub terminals 112 to and from the transport network 246. Both TDM-based and ATM-based 
multiplexing are achieved by using the TDM multiplexer 226 and the ATM multiplexer 228. As 
mentioned above, the transport network 246 may be a Synchronous Optical Network (SONET) ring. 

5 The SONET ring is a ring of fiber optic cable that runs underground throughout a defined area It Is a 

high speed carrier, that carries synchronous (TDM) or asynchronous (ATM) traffic. 

In another embodiment, backhaul wirelines could be replaced by a wireless 
co mm uni cations link (not shown) from the transmission equipment 252 to the transport network 246 
(or b a ckh a u l infrastructure). The wireless communications link could be a microwave radio 
10 com mun ica t ions link very similar to the communications link 210 between the hub terminals 112 and 
the respective remote terminals 114. An antenna, e.g. a first 12* antenna, is coupled to the 
transmission equipment 252 and a corresponding antenna, c.g. a second 12* antenna, is coupled to the 
transport network 246. The antenna would have a very narrow beam width (eg. 2-3 degrees) 
allowing for much greater range than a wider angle antenna. This embodiment allows for a Hi«tanr» 
15 of about 5 to 10 miles between the hub site 110 and the transport network 246. 

The central office 102 provides the switching for the point to multipoint system 200 
and contains the element management system 122 (EMS). Transmission equipment is alternatively 
located at the central office and is implementation dependent Alternatively, the EMS 122 is not 
contained in the central office 102. The transmission equipment at the central office 102 is a TDM 
20 multiplexer 230 used for TDM traffic, an ATM multiplexer 232 used for ATM traffic, a data switch 
234, a voice switch 236, DS1 or DS3 lines 238, OC3c/OC12c lines 240, and STM-1 lines (not 
shown). Other dedicated lines 250 couple to other data delivery systems such as PSTN. Internet 
service providers and inter-exchange carriers. The data switch 234 and voice switch 236 control 
which data and voice signals go to the TDM multiplexer 230 and the ATM switch 232. The DS1 line 
25 238 is a T1 Une or El line, while the DS3 line 238 carries a group of 28 TI streams. The OC3c and 

OC12c tines 240 are ATM specific lines. STM-1 lines are also used in the European version of the 
point to multipoint system 100. STM-1 lines are configured to run in either ATM or TDM mode. For 
example, TDM STM-1 lines would replace DS3 lines 222 and 238, while ATM STM-1 lines would 
replace OC3c lines 224 and 240. This transmission equipment and the various lines are well known 
30 in (heart 

The element manager system (EMS) 122 of the oentrai office 102 contains the 
element manager 244 which performs aff-the-netwoik management functionality for the point to 
multipoint system. Physically, the element manager 244 is a UNIX based workstation typically used 
for point to multipoint systems including a large geographical display. An operator can configure and 
35 monitor the point to multipoint system network from the EMS 122. In one embodiment, the EMS 122 
ums a Wide Area Network (WAN) to communicate with all of the hub sites 110 in the point to 
multipoint system. The WAN communicates with each hub site 110 through a local area network 
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(LAN) router located at each hub site 110 which couples the WAN to the LAN of each hub site 110. 
This is the conventional way in which the EMS 122 manages the hub sites 110. The LAN router is 
shown in FIG. 13. The LAN of the hub site communicates with the individual indoor units 214 of the 
hub terminals 112 (see FIG. 13). The transport from the hub LAN to the WAN Is often a separate 
5 leadline T1 line. or. alternatively, it can be multiplexed into the DACS 230 as (tioiica«t below. 

In another embodiment, the element management system 122 uses an in-band 
network to com mun ica te with the hub site 110 of the point to multipoint system 200 through 
messaging sent through the transport network 246 (backhaul). The messaging is sent as either 
TCP/IP or frame relay data using AALS (ATM adaptation layer level 3) through the transport 
10 network 246 and the ATM multiplexer 228. The AIM OC3c SSI module 220 receives the messaging 
as described in FIG. 22. This approach is a departure hum prior ait systems that communicate 
tlutxigh a separate landtine. It is more economical and eliminates the need to maintain separate 
landlines to the huh site 110 for the wide area network to communicate with the LAN of the hub site 
110 . 

2 5 Furthermore, it should be noted that the point to multipoint system is de scri bed 

throughout the specification as having both multiple transport mode 

capabilities and multi-modulation capabilities in the preferred embodiment. The point to multipoint 
system is not intended to be limited to point to multipoint systems having both capabilities. For 
example, one embodiment of the point to multipoint system could be configured to transmit and 
2 0 receive multiple transport mode signals (e.g. synchronous and asynchronous) without having multi- 
modulation capabilities. This embodiment would not require the multi-modulation modem and oould 
contain a single modulation modem known in the art. In another embodiment, the point to multipoint 
system may have multi-modulation capability and not multi-transport mode capabilities. In such an 
embodiment, the specially designed SSI modifies and multi-transport mode cel liras could work 

2 5 without m odi fi cat i on. Thus, the hub terminals and remote terminals could comprise multi-transport 

mode radios in one embodiment and multi-modulation radios in another embodiment 

The present embodiment is fully compatible with conventional equipment, such as 
the components of the transmission equipment 232, transport network 246, and central office 102. 

The point to multipoint system 200 further supports existing services and interfaces; however, the 

3 0 conventional SSI modules must be modified to interface with the multi-transport, multi-modulation 

syrtem. The individual aspects of this embodiment of the point to multipoint system that enable the 
use and operation of the system are described below. 

Referring next to FIGS. 3 A and 3B, diagrams are shown of the channelization used 
in one embodiment of the point to multipoint system shown in FIG. 2 illustrating the frequency reuse 
3 5 with multiple channels at the hub site that support multiple modulation modes. FIG. 3A illustrates 
frequency reuse of two channels (e.g. 30 MHz frequency channels) indicated by a first frequency 302 
and a second frequency 304. The first frequency 302 and the second frequency 304 are used in 


-18- 



(104) 


t&ffl 2000 — 59453 


adjacent sector*, e.g. first sector 306 and second sector 308 by respective hub terminals at the hub site. 
Then, the lira frequency 302 is reused in alternate sectors, eg. the third sector 310. and so on. An 
alternate sector refers to a sector next to the adjacent sector. For example, the third s ect o r 310 using 
the first frequency 302 is an alternate sector of the first sector 306 while the second sector 308 using 
5 the second frequency 304 is adjacent to the first sector 306. The first sector 306 and the second sector 
308 shown in FIG. 3A are 90 degree sectors. 

Advantageously, each sector, e.g. the first sector 302 and the second sector 304, 
supports respective frequency subchannels of the first frequency channel and the second frequency 
channel. Each subchannel supports multiple modulation modes (e.g. QPSK, 16-QAM, and 64-QAM, 
10 but is not limited to these modulation modes) within the 90 degree sector. In contrast, a prior art 
frequency reuse only supports one modulation mode per subchannel and does not support more than 
one modulation mode being reused in alternate sedan using the same frequency. 

The frequency reuse in this embodiment supports 64-QAM modulation which poses 
a special problem since the 64-QAM modulation is extremely sensitive to interference. In order to 
15 accomplish the frequency reuse with a high order modulation, such as 64-QAM, a sectored antenna 
must be used at each hub terminal using a subchannel within each sector in order to transmit without 
interfering with alternate subchannel transmissions in the adjacent sectors. The sectored antenna is 
used as the same an t e nna shown at the outdoor units of the hub terminals in FIGS. 1 and 2. 
Additionally, the sectored antenna must have reduced or low levd sidelobes so as to transmit the 

2 0 narrow beam without causing interference with alternate sectors using the same frequency. The 

sidelobes of the sectored antenna must be sufficiently reduced to support use of the 64-QAM 
modulation. Thus, the sidelobes are reduced at 1.3 times the sectored antenna beamwidth. Also, the 
sidelobes must be at a low level, such as no greater than 33 dB below the peak gain of the sectored 
antenna so as not to interfere with the 64-QAM signals in the frequency being used in the alternate 
25 sectors. Thus, the siddobe characteristics enable use of the frequency reuse with a high order 
modulation, such as 64-QAM. 

The diagram in FIG. 3B shows the same frequency reuse Tor 2 channels; however, 
the first sector 306 and the second sector 308 are 45 degree sectors. Again, the hub terminals in each 
sertor must has a sectored antenna with sufficiently reduced sidelobes to transmit using multiple 

3 0 mo du lati on modes, including 64-QAM, into the 43 degree sector without causing interference into the 

alternate sectors using the same frequency. 

Alternatively, this embodiment is not limited to only 90 degree arid 45 degree 
sectors, and other sector sizes may be selected, e.g. a 22.5 degree sector. Furthermore, both 
subchannels using the different frequencies could be located in the same sector. Thus, two hub 
3 5 terminals would be in each sector, each transmitting over subchannels of the different frequency 
channels. 
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Air Interface 

Referring next to FIG. 4, a diagram of the TDMA superframe air interface format 
400 of the present embodiment is shown. The point to multipoint superframe format 400 used in both 
the uplink and downlink directions comprises N frames 402. The significance of the frames 402 is 
5 explored below. The superframe format is created in the multi-modulation modem described in FIG. 
11 . 

Referring next to FIG. 5. a diagram of an air interface frame format corresponding 
each of the N frames of the superframe format of the present embodiment FIG. 4 it shown. The air 
interface frame format 500 includes an overhead section 502, a spare section 504, and a traffic section 
10 506. The traffic section 506 may contain QPSK Quad Bursts 508. 16-QAM Quad Bunts 510, QPSK 

Single Bunts 512,64-Qam Quad Bunts 512, and 16-QAM Single Bunts 514. 

The TDMA air interface frame format 500 in FIG. 5 corresponds to one of the N 
frames in the su p e rfram e format shown in FIG. 4. Advantageously, in the present embodiment, the 
air interface frame format 500 is designed to provide for both TDM and ATM transport The key for 
15 providing both TDM and ATM transport on the same air interface frame formal 500 is that the TDM 

traffic is formatted into TDM eells having the same size as ATM cells (see FIGS. 28 and 29). This 
formatting is done at the SSI modules of the indoor units of both the remote terminals and the hub 
terminals. The TDM cells and ATM cells both contain header information to distinguish them. 

Thus, the TDM eells and ATM cdls are multiplexed onto a bus frame format which maps directly to 
20 the air interface frame format 500 (see FIG. 15). The uniquely designed air interface frame format 
500 provides the necessary structure to transport the mixed traffic (ATM and TDM) as well as a 
unique structure to interchange differently modulated traffic bursts. 

Furthermore, the capacity of the radio communication link is a Auction of the 
modulation inodes selected for the respective traffic bursts since the air interface frame format 500 has 

2 5 differently sized bursts depending on the modulation used. The multi-modulation modems and the 

bus controllers of the indoor units of both the hub terminals and the indoor units of the remote 
terminals contain the air Interface frame formatting logic necessary to create the air interface frame 
format 500 and is fkuther described in FIGS. 9 and 11. 

In practice, the air interface frame format 500 is the same in the uplink and 

3 O downlink, whereas prior art point to multipoint systems use an air frame format supporting 

continuous transmission the downlink (TDM) and discontinuous (TDMA) in (he uplink. The air 
interface frame format 500 has an overhead section 502 for system management and dynamic 
bandwidth allocation purposes. The overhead section 502 contains m ti me slots containing QPSK 
bursts. The overhead section 402 contains QSPK bursts since QPSK is the lowest order modulation 
3 5 (least bits/sccond/Hz) of the modulation modes used by the present embodiment; thus, having the 

farthest range. Thus, all remote terminals in the point to point system are designed to receive at least 
QPSK m o du l a ted bursts so that they can receive the overhead messaging The overhead section 502 is 
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further diwwad with reference to FIG. 8. The spare section 504 separa t es the overhead section 502 
from the traffic section 506. 

The traffic section 506 of the TDMA air frame format 500 carries the payload 
(ATM cells and TDM cells) to and from the remote terminals and the bub terminal. The TDMA air 
5 frame format is used in both the uplink and the downlink and supports burst-by-hurst modulated 
traffic. The point to multipoint system of the present embodiment supports QPSK Quad Bursts 508, 
16-QAM Quad Bursts 510, QPSK Single Bursts 512. 64-QAM Quad Bursts 512, and 16-QAM Single 
Bursts 514, The present embodiment is not limited to the above modulations and could also be 
configured to support ether modulations known in the art, such as BPSK. 128-QAM, 256-QAM, and 
10 32-QAM. 

The traffic bursts within the traffic section 306 are differently sized and are 
conveniently designed as integer multiples of each other depending on the modulation selected for a 
particular burst Alternatively, the bursts could be designed as multiples of each other without being 
integer multiples. The air interface frame format generally holds n QPSK Quad bursts in the traffic 
IS section 506. The number ofburstsn is a function ofthe frequency used as described further below. 
Thus, the Quad QPSK bunt 508 is x symbols in length and supports a quad DSO as known in the art 
The 16-QAM quad burst 510 is x/2 symbols in length and supports a quad DSO. The QPSK single 
bursts 512 and 64-QAM quad bursts 512 are x/3 symbols In length ami support a single DSO and a 
quad DSO, respectively. The 16-QAM single bursts 514 are x/6 symbols in length and support a 
20 single DSO. A DSO or digital signal level zero is a term known in the art of telecommunications; thus 
no further explanation is needed. 

Advantageously, the relationship between the sizes of the bursts enables the point to 
multipoint system to mix and match different bunts using different modulation modes within the 
same fixed size air interface frame formal 500. The QPSK Quad burst 508 Is twice as long as the 16- 

2 5 QAM Quad bursts 310, three times as long as the QPSK Single bunt 512 or the 64-QAM Quad burst 

312, and six times as long as the 16-QAM Single Bum 514. Also, if the air interface frame format 
can hold n QPSK quad bursts 508, then it can hold 2n 16-QAM Quad bunts 510, 3n QPSK single 
bursts 512 or 64-QAM quad bursts 512, and 6n 16-QAM single burets 514. These size relationships 
enable a very efficient use of the bandwidth available in the air interface frame format at 500. This 

3 0 departs from air frame format used in a conventional point to multipoint system containing fixed size 

air burets that are modulat e d using only one modulation mode. 

Furthermore, sinoe the air interface frame format 500 transmits using 
proportionately sized traffic bursts using multiple modulation modes, a change in transmissions to any 
one remote terminal does not require that a new time plan be redistributed In a prior art system, the 
3 5 remote terminals are told which timeslots to "listen" to through the use of a timeplan. Thus, if a new 
remote terminal is added or removed or one of the remote terminals has increased or decreased needs, 
then the timeplan is altered and a new time plan must be distributed to all remote terminals. 
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Advantageously, the present embodiment does not need to redistribute a new time 
plan for the respective remote terminals to receive the respective traffic bursts. Simply, the remote 
terminals only demodulate the portions of the traffic section 506 that they are configured to 
demodulate. For example, a remote terminal in the closest region will demodulate only the traffic 
5 bursts using 64-QAM and not the traffic bursts using QPSK or 16-QAM. Note that it does not matter 
which timeslot the 64-QAM bursts are in within the traffic section 506, since the remote terminal will 
receive regardless of what timeslot it is in. Therefore, a new limeplan is not needed, in Cut a 
timeplan Is not needed at all. Thus, the remote terminals are able to receive the bursts independently 
of a timeplan. This represents a technique of demand assigned multiple access without the use of a 
10 timeplan, or independently of a timeplan. 

The present embodiment provides messaging through the QPSK modulated bursts in 
the overhead section 502 to route the traffic bursts once demodulated at tbc indoor units of the remote 
terminals. All remote terminals are configured to demodulate the overhead bursts. Note, however, 
that a new timeplan is sent in order for the SSI modules to determine which cells to take off of the 
15 multi-transport mode cell bus (see FIGS. 20-25B), but a new timeplan is not needed for each remote 
terminal to receive certain traffic bursts over the air interface. Additionally, one less frame for latency 
is needed than in a conventional time plan. 

In the preferred embodiment, the length of the air interface frame format 500 is 6 
msec and there are 8 frames in the 48 msec superftame format of FIG. 4. The 6 msec flame length 
2 0 which corresponds to 48 bytes of DSO samples of TDM data taken every 125 psec (at 8 kHz). As 
briefly stated above, and more fully explained below, in order to allow for the use of multi-transpart 
mode features, the TDM data it formatted into TDM cells that are similar to the standard ATM cells 
(see FIGS. 28 and 29). Thus. 48 bytes of DSO samples are needed to fill the appropriate data section 
of the TDM cell so the air interface frame format 500 roust be at least 48 X 125 psec - 6 msec in 
2 5 length to gather enough TDM bytes to fill the a traffic bum. Thus, the traffic section 506 could fit 57 

QPSK quad bursts 508. 114 16-QAM quad bunts 510, 171 QPSK single bursts 512 or 64-QAM quad 
bums 512, or 342 16-QAM single bums 514 total or various combinations of the above traffic bunts. 
A^in, the given lengths are all a function of the frequency used and the length of the data cells used 
that are formatted into traffic bursts, and the present embodiment is not limited to these specific 
30 lengths. 

Since the air interface frame format 500 supports three modulation modes in a 
bum-by-bum fashion, a single hub terminal (sector radio) can transmit to all remote terminals in a 
sector regardless of which region within the sector the remote terminals are located. For example, the 
hub terminal will transmit using QPSK to remote terminals in the farthest region up to 3 km. while 
35 the bub terminal will transmit to the closest remote terminals with 64-QAM, and the 16-QAM for the 
remote terminals in a middle region, all within the same air interface format 400. This allows the 
most efficient use of the communications channel by using the highest order modulation (most 


- 22 - 



(108) 


#58 2000-59453 


bits/second/Hz) possible for each remote terminal and still retain satisfactory quality. Thus, the 
remote terminals in the farthest region use the lowest order modulation available (e.g. QPSK) while 
the remote terminals in the closest region use the highest order modulation available (e.g. 64-QAM). 

Referring next to FIGS. 6 , a diagram of a traffic burst format used in the air 
5 interface frame format of FIG. 3 is shown including a split preamble feature. The traffic burst 600 

includes: a preamble 602 containing guard 606. ramp 608, first unique word 610, second unique word 
611, a first dala/spare section 612, and a second data/spare section 614; data section 604; and a parity 
606. Also shown is the preamble split length 613. 

The traffic burst 600 is genetically shown in one format, but is intended to describe 
10 the format of a QPSK quad burst, 16-QAM single burst, etc. The data section 604 and the first 

data/spare section 612 and the second data spare section 614 are differently divided according to what 
type of burst is used, as described in FIGS. 7A and 7B, and the length of the traffic burst 600 will vary 
depending on the modulation mode selected. Thus, the traffic burst represents a format for the traffic 
bursts shown in FIG. 3. In one embodiment the data section 604 and the first and second data/spare 
IS sections612 and 614 are designed to carry small sized data cells; for example, the 33 byte ATM cells 

in FIG. 28 and the S3 byte TOM cells of FIG. 29. 

The preamble 602 of the traffic burst 600 contains entirely known sections including 
the guard 606, and ramp 608. However, the preamble 602 is unique in that instead'of one unique 
word that would be used in a prior art preamble, the preamble is a ‘split preamble" in which the 
20 unique word is divided into a first unique word 610 and a second unique word 611. The first unique 
word 610 and the second unique word 611 are separated by the first data/spare section 612. 

The first unique word 610 and the second unique word 611 are split as shown so 
that the multi-modulation modem of FIG. 11 can accurately estimate the channel characteristics 
including the frequency offset and the phase offset in received bursts. The frequency and phase 

2 5 estimation are cfene at the multi-modulation modem and the specific flinctions of the first unique word 

610 and the second unique wont 611 are shown in FIG. 12. Advantageously, the first unique word 
610 and the second unique word 611 are separated by the first dala/spare section 612 making up a 
preamble split length 613. 

The preamble 602 precedes each TDMA burst and provides synchronization 
30 symbols and guard time between uplink TDMA bursts. As discussed in FIG. 12, the traffic 

throughput is optimized since the traffic is contained within the data section 604, the lint data/spare 
section 612 and the second data/spare section 614. Depending upon the specific bunt type (shown in 
FIGS. 7A and 7B) and the size of the traffic burst (shown in FIG. 3), depending on the modulation 
mode used, the traffic burst 600 may not include a second data/spare section 614 or the second 

3 5 data/spare section 614 may only contain spares and not data. Similarly, the first data/spare section 

612 may contain partial or no data, but only spares. Advantageously, the first and second data/spares 
sections 612 and 614 should contain data (or traffic) in order to optimize the traffic throughput 
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A dd i t io n a l ly, the traffic buret 600 includes a parity 606 which may be at the end of the traffic bunt 
600 as shown ot c ont ai n ed within the preamble (not shown). An additional pastamble (not shown) 
including a ramp down and guard may be appended to the traffic burst 600. The bursts mentioned are 
not limited to quad bursts and single burst, but could comprise other types of bursts known in the art 
S Referring next to FIGS. 7A and 7B, diagrams are shown of a quad hurst and single 

burst, respectively, that are part of the data section and data/spare sections of the traffic burst shown 
in FIG. 6. The quad buret 700, shown in FIG. 7 A, has a spare 702 and data fields 704 containing a 
header 706 and a data section 70S. The single bursts 710. shown in FIG. 7B, have a spare 702 and a 
single data field 704 containing a header 706 and a data section 708. 

10 In practice, the quad burst 700 shown in FIG. 7A is the first of two burst types, the 

second being a angle burst 710 shown in FIG. 7B. The quad burst 700 has 4 data fields 704 that lurid 
4 data cells while the single bum 710 has 1 data field 704 that contains 1 data cell at shown in FIGS. 
28 and 29. Each data cell contains the header 706 and data section 708. The data cells in the data 
fields 704 can be ei ther ATM ceils (FIG. 28) or specially formatted TDM cells (FIG. 29). 

15 An important feature of the air interface frame format is that it is configured to cany 

both ATM and TDM data. Since a standard ATM cell is 33 bytes in length having 3 bytes for 
identifiers and 48 bytes of data, each data field 704 (whether in a quad burst or single burst) of the air 
interface frame format must be 33 bytes in length or greater. Thus, if the air interface frame format is 
carrying TDM data, the TDM cell that fits in the data field is also 33 bytes in length or greater. 

2 O Advantageously, as will be d is c us se d in FIG. 29, a TDM cells contained within the data fields 704 use 

3 bytes for header information and 48 bytes for data similar to ATM cell. The 48 bytes of DSO 
s a mp l e s of TDM data needed to fill the data field 308 dictate the length of the air interface frame 
format As earlier stated the length must be at least 6 msec in order to sample enough data to fill the 
data field 704 (corresponding to 48 123ps (8 kHz) pulse code modulated (PCM) frames during the 6 
25 msec air frame). Note that the designer could alter the rate at which sample were taken and; thus, the 
minimum air Interface frame format length would be altered. For a more 4d ti N look at the structure 
and advantages of the structure and advantages of the structure of an ATM cell and specially designed 
TDM cell, see FIGS. 28 and 29. 

Il is also important to show that the data fields 704 and spare 702 occupy the space 

3 0 within the traffic buret of FIG. 6 including the data section 604, the first data/spare section 612 and 

the second data/spare section 614. As the traffic buret is received over the air Interface, the data 
within the first and second data/spare sections 612 and 614 and the data section 604 of the traffic 
burst are concatenated by the multi-modulation modem and then subdivided into the quad buret 700 
and single burst 710. Thus, the spare 702 and the data fields 704 of FIGS. 7A and 7B map to the data 

35 section 604 and first and second data/spare sections 612 and 614 of FIG. 6. 

Furthermore, the data sections 708 (also referred to as rubsloU) of (he data fields 
704 of the quad buret 700 and the single buret 710 can carry data from multiple DSOs in one of 
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several modes. In the embodiments shown in FIGS. 29 and 42 through 43. data from several DSOs 
may be carried by the TDM cells within the data fields 704. In TDM mode, 48 bytes of PCM samples 
of the DSO are carried with an appropriate header 706. The header 706 contains signaling, such as 
channel associated signaling. Additionally, the header 706 of the TDM cell uses an ATM header 
5 (VP!) in order to distinguish it from the ATM cells and is discussed in FIG. 29. The quad burst 

format 700 can also cany ATM traffic as a DSO where an ATM cell (33 bytes) is carried. 
Alternatively, the twenty-five data fields 704 can be aggregated to cany a DS1 in ATM Adaptation 
Layer 1 (AAL1). The bandwidth will be sufficient to handle a +/-200 ppm dock offset between the 
network frame timing and the user's (potentially different) dock rate. 

10 As slated, the air interface frame format is formatted such that it carries both ATM 

and TDM traffic, whereas prior art systems require separate airframe format! for ATM and TDM 
communications links. The TDM data has been formatted in a specially designed TDM odl that is 
the same size as the ATM cell and; thus, the airframe format does not distinguish between ATM and 
TDM cells. The SSI modules formal the TDM cells and multiplex them onto a multi-transport mode 
15 cell bus along with ATM cells. Then, the multi-transport mode cell bus frame format is then directly 
mapped to the TDMA air interface frame format Thus, it is the SSI modules distinguish the ATM 
and TDM traffic. The details of how the ATM and TDM cells on the multi-transport mode cell bus 
mapped to the air interface frame format are discussed with reference to FIGS. 13 through 18. The 
details of bow the ATM cells and TDM cells are formatted for the cell bus frame format of the multi- 
20 transport mode cell bus are discussed further in the specification. Such features provide one method 
of how to implement the air interface frame format within the point to multipoint system. 

Referring next to FIG. 8, a diagram of the overhead section 800 of FIG. 3 is shown. 
The overhead section 800 includes m timeslots containing overhead bursts. Shown are maintenance 
slots 802, three remaining timeslots 804 and an acquisition slot 806. Each air 

25 interfhee frame of the superframe has m overhead timeslots. Overhead bursts are transmitted within 
the varioia maintenance timeslots 802 using QPSK only to ensure a constant size overhead section 
and be c au s e QPSK offers the greatest transmission range of the presently used modulations in this 
embodi m e n t. Thus, all remote terminals, even the remote terminals in the farthest region, can receive 
and transmit overhead bursa. 

3 0 Each remote terminal is assigned one maintenance slot 802 within the superframe 

format of FIG. 4; thus, for example, if there arc 9 maintenance slots 802 and 8 frames in a 
superframe, then 72 remote terminals (9 maintenance slots X 8 frames) can be supported in one 
superframe structure. The remaining three slots 804 are used for other purposes in'Frame l through 
Frame N-l of the superframe format of FIG. 4, such as random access via the ALOHA protocol, 

3 5 acknowledgment, and a dedica t ed channel to the remote terminal. In Frame N of the cuperframe 

format of FIG. 4, the three overhead skua 804 are combined to form an acquisition timeslot 806 in the 
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uplink direction. An acquisition burst is transmitted during this long acquisition timeslot 806 and 
provides a mechanism to calibrate the transmission timing for the remote terminal. 

The acquisition slot 806 is also used in one embodiment of the present invention 
that uses a 1:N redundancy system as described in FIGS. 37 and 38. 

5 The overhead section 800 contains several types of bursts including: maintenance 

bursts, random access bursts, response busts, and a shortened calibration burst. The maintenance 
bursts (within the maintenance slots 802) provide a communications path between the remote 
terminal and the hub terminal whether or not that remote terminal is carrying tr affic . The random 
arms burst (within the remaining timeslots 804) in the uplink allows the remote terminal to request 
10 bandwidth in Demand assigned multiple access (DAMA) operation (see FIG. 35). The response burst 
(remaining timeslots 804) in the uplink is used by the remote terminal to acknowledge protocol 
messages sent by the bub terminal. And the acquisition burst (within the acquisition timeslot 606) li 
used by the remote terminal during installation to determine its correct timing offset. 

Advantageously, the overhead section 800 allows the remote terminals to transmit 
15 control information without contention. Thus, each remote terminal is in regular contact with the 

point to multipoint hub terminal for reporting alarms and for performing real time power control once 
every superframe format. 

Remote Terminal 

2 0 Referring next to FIG. 9, a block diagram illustrating a remote terminal 900 (multi- 

mode remote terminal) as initially described in the embodiment of the present invention shown in 
FIGS. I and 2. The remote terminal 900 is a radio system and includes outdoor unit (01X1) 902 (also 
referred to as a transceiver unit) having an antenna 904. The remote terminal 900 also includes an 
intrafacility link (IFL) 906 and an indoor unit (1DU) 908 (also referred to as a channel processing 
25 unit). The indoor unit 908 contains a maintenance port 910, multi-transport mode cell bus 912,4 
service specific Inter&ce modules 914 (SSI modules), and a channel and control module 916 (CCM). 
The channel and control module 916 includes: an IF-transceiver section 918 and a baseband section 
920. The IF-transceiver section 918 includes an IFL interface 922, upconverter 924 and 
downconverter 926. The baseband section 920 includes a multi-modulation modem 928, a bus 
30 controller 930. a control processor 932, and control signals 934. 

The outdoor unit 902 (transceiver unit) communicates with the indoor unit 908 
(channel processing unit) via the intrafacility link 906. The IF-transceiver section 918 is coupled to 
the intra&dlity Hide 906 via the IFL Interface 922. The upconverter 924 and downconverter 926 are 
coupled between the multi-modulation modem 928 and the IFL interface 922. The bus controller 930 
35 Is coupled to the multi-modulation modem 928 and the multi-transport mode cell bus 912. The multi¬ 
transport mode Dell bus 912 is also coupled to the 4 SSI modules and the control processor 932. The 
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control processor 932 is coupled to the maintenance port 910 and sends control signals 934 to the IFL 
interface 922, upoonverter 924 and downconvcrtcr 926. 

In practice, the remote terminal 900 comprises two subsystems; the outdoor unit 902 
and the indoor unit 908. The outdoor unit 902 is an integrated unit having an antenna, up converter 
5 power amplifier and down converter, all of which are known in the art The antenna is a circular 
antenna with a protective raydome. The outdoor unit 902 of the remote terminal 900 communkates 
through the antenna 904 to the outdoor unit of the hub terminal through the 38 GHz radio frequency 
communications channel. Thus, the outdoor unit 902 functions is a transceiver unit There are two 
transmit bands for the transmit function of the outdoor unit 902. The low band is from 38.6 to 38.95 
10 GHz and the high band is from 38.95 to 39.3 GHz. The receive bands for the outdoor unit 902 are 
low band at 39.3 to 39.63 GHz and the high band from 39.65 to 40.0 GHz. The outdoor unit 902 
receives its timing reference from the hub terminal over the air interface. Signals are received and 
then downconvened to the intermediate frequency (IF) (hr transmission on the inuafecilUy link 906 
(IFL) to the Indoor unit 908. The intrafacility link 906 is a single cable, such as a type 3 VSAT cable 
15 made by Comscope, that is a low loss cable. The IFL 906 that supports up to 1000 feet 

The intrafacility link 906 carries the following: DC power to the outdoor unit 902 
from the indoor unit 908, transmit data at the intermediate frequency, receive data at the intermediate 
frequency, a reference frequency and telemetry. The IFL link 906 occupies bandwidth for the uplink 
and downlink of 12.5 MHz in each direction, centered at 160 MHz and 70 MHz respectively. 

20 The Indoor unit 908 of the remote terminal 900 it typically mounted Inside the 

subscriber premises, typically within a wiring closet The indoor unit 908 consists of the following 
m o dul e s : the channel and control module 916 (CCM), SSI modules 914 and backplane power supply 
unit (not shown) and chassis (not shown). It is a stand alone unit that bouses up to four service 
specific interface modules 914 (SSI modules). The indoor unit 908 is powered by 110 volt AC input. 
25 An optional 48 volt DC input can bo included. The channel and control module 916 consists of an IF 
transceiver section 918 and a digital baseband section 920. The IF transceiver section 918 contains an 
IFL interface 922, an upconverter 924. a downconvener 926, while the digital baseband section 920 
contains the multi-modulation modem 928. the bus controller 930 and the control processor 932. The 
multi-transport mode cell bus 912 (or SSI bus) provides the connection to the four SSI modules 914, 
30 the control processor 932 and the bus controller 930. 

The IF-transocivcr section 918 of the CCM 916 supports one 12.5 MHz subchannel 
carrying QPSK, 16-QAM or 64-QAM modulation. The upconverter 924 is in the transmit path to the 
outdoor unit 902 via the intrafacility link 906. The upconverter 924 receives the modulated data from 
the multi-modulation modem 928, converts it to analog, filters it and shifts it in frequency. The 
35 downconverter 926 receives the signal from the outdoor unit 902, filters it, provides automatic gain 
control, converts the signal into a digital signal, then carries the signal to the multi-modulation 
modem 928. The IFL interface 922 functions as a multiplexer, which allows multiple signals to be 


27 - 



(113) 


2000-59453 


earned between the indoor unit 908 and the outdoor unit 902 on a tingle coaxial cable. The purpose 
of the IFL interlace 922 is to separate the signals coming from the outdoor unit 902 to their respective 
circuits in the indoor unit 908. It also combines the signals coming from the indoor unit 908 onto the 
coaxial cable going toward the outdoor unit 908. The signals sourced by the indoor unit 908 are the 
5 synthesizer reference, DC power, telemetry, and transmit inter me di at e frequency. The signals 
received by the Indoor unit are the receive Intermediate frequency and telemetry. The components 
and implementation of the IF-transceiver section are well known in the ait. 

The main functions of the channel and control module 916 of the digital baseband 
section 920 are as follows: modem functions, air frame formatting, air interface protocol, internal SSI 
10 bus interface and multiplexing, maintenance port, control processing, SSI monitoring as well as 
control and operations administration and management functions. 

The multi-modulation modem 928 is implemented as an ASIC (Application Specific 
Integrated Circuit), which includes the modulation, demodulation, air frame formatting air interface 
protocol, and the Reed Salomon encoder/deceder functions. The multi-modulation modem 728 
15 supports TDMA bum types using QPSK and 16-QAM and 64 jQAM on a bunt-by-burst basis. The 
demodulator also contains a tracking section to compensate for multi-path conditions in 16-QAM and 
64-QAM. The m odula t or houses the proper air frame formatting logic. The multi-modulation 
modem 928 is described in further detail with reference to FIG. 11. 

The control processor 932 is a reduced instruction set code (RISC) processor and 
20 acts as the host processor of the indoor unit 908. The control processor 932 is the controller of the 
m^jor functions of the indoor unit 908, such as configuration, alarm monitoring, and messaging back 
to the element management system (EMS) via the over the air control channel (the overhead section 
of FIG. 8). The control processor 932 also sends control signals, as known in the art, to the IF- 
transceiver section 918 to for gain control. The maintenance port 910 can be connected to customer 
25 provided modem devices for remote access to the remote terminal by the operator over a plain old 
telephone service (POTS) circuit. The status of the remote terminal 900 can be uploaded and reset 
through this interface. 

The bus controller 930 is a field programmable gale array (FPGA) or custom logic. 
The bus controller 930 removes the overhead section from the air interface frame format once 
3 0 demodulated and reinserts an intermodule communication section (IM-Com) on the multi-transport 
mode bus 912 used for messaging between the bus controllers (c.g. formatters) and local processors 
(e.g. CPUs) of the SSI modules. The IM-Cora message section is discussed further with reference to 
nGS. 13 and 16. Thus, as described above, the bus controller 930 maps the traffic from the air 
Interface frame format of FIG. 3 to the multi-transport mode bus frame format of FIG. 13. The bus 
3 5 controller 930 also maps the traffic on the multi-transport mode bus frame format of FIG. 13 to the 

specific burst types of FIGS. 7A and 7B for the air interface frame format of FIGS. 3 and 6. With 
regard to the air interface frame format, the overhead section is used for messaging between the 
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channel and control modules 920 of the remote terminal 900 and the channel and control module of 
the hub terminal (described in FIG. 14). The space available on the frame format after the airframe 
format overhead section is removed is used advantageously for the messaging. Le. the IM-Com 
section, bet w een the channel and control module 920 of the remote terminal and the local processors 
5 of the SSI modules. The bus controller 930 also contains the time plan ofthe air Interface frame 
format and the multi-transport mode cell bus 912. The air interface frame format is described above 
in FIGS. 4-8 and the multi-transport mode cell bus is described below with reference to FIGS. IS 
through 18. 

The remote terminal 900 carries both synchronous (TDM) and asynchronous (ATM) 
10 traffic on the multi-transport mode cell bus 912. The cell bus format is mapped to an air interface 
frame format using the bus controller 930. The details of bow the different types of traffic arc 
formatted for the same cell bus frame format are described below with reference to the SSI modules 
below. 

Note that the ATM and TDM traffic on the air interface frame format have been 
15 routed through the remote terminal 900 without distinguishing the traffic as being mixed. The mixed 

traffic on the air interface frame format is mapped directly to the multi-transport mode bus frame 
format to be sent out of the remote terminal 900 to the SSI modules 914. The SSI modules 914 will 
distinguish the ATM traffic from the TDM traffic. Advantageously, the remote terminal 900 docs not 
have to son the mixed traffic. The remote terminal 900 transports the traffic using's unique air 
20 interface frame format and a unique corroqniviirg multi-transport mode bus frame format to carry 
the mixed traffic (ATM and TDM) within the same radio system. Again, this departs from a radio 
system within a point to multipoint system that actually requires separate radio systems for each 
transport mode (ATM and TDM). 

Note that not all of the functional blocks of the remote terminal are not described in 

2 5 further detail. Their operation and implementation is understood to those in the art 

Referring next to FIG. 10. a functional block diagram of a timing recovery system 
used in the remote terminal of FIG. 9 to recover the timing sent from the hub terminal of FIGS. 2 and 
14 is shown. The diagram 1000 includes the multi-modulation modem 1002 having a burst detector 
1004; bus controller 1008 having a compare in time unit 1010 and a remote time base counter 1020; 

3 0 and a second order loop filler 1014, digital to analog converter 1016 (D/A converter), and e voltage 

controlled oscillator 1018 (VCO). Also shown are a start of superframe signal 1006, remote start of 
superframe signal 1022, timing offset signal 1012, and a dock input 1024. 

The burst detector 1004 of the multi-modulation modem 1002 is coupled to the 
compare in time unit 1010, which is coupled to the second order loop filter 1014. The second order 
35 loop filter 1014 is coupled to the D/A converter 1014, which is coupled to the VCO 1018, which is 
coupled to die remote time base counter 1020, The remote time base counter 1020 of the bus 
controller 1008 is coupled to the compare in time unit 1010 of the bus controller 1008. 
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In practice, the remote terminals in the point to multipoint system recover the 
timing front the signals sent over the air interface by the hub terminal. Thus, the remote timing 
recovery is a way in which the remote terminal is able to recover the timing from the hub terminal. 
This timing recovery is necessary so that the indoor unit of the remote terminal can correctly 
5 demodulate bursts received from the hub terminal. Thus, no timing rate adaptation by the modem is 
needed for the timing atihe remote terminal and the hub terminal. The timing at the remote terminal 
has the same frequency and phase as the timing at the hub terminal. 

Furthermore, the remote terminal uses the recovered timing to transmit air bursts 
back to the hub terminal. Thus; advantageously, the hub terminal does not need to recover the remote 
10 timing to demodulate a burst from the remote terminal. The hub terminal only has to locate the start 
of the burst. Thus, there is no additional timing recovery at the hub terminal. 

The remote terminal of FIG. 9, thus, uses the timing recovery system shown in FIG. 
10 to recover the tinting from the hub terminal. This is unique in that the timing is being recovered 
from a discontinuous transmission (i.e. TDMA), as opposed to a continuous transmission, from the 
15 hub terminal to the remote terminal. Thus, the hub terminal may not transmit in all timeslots in order 
to reduce interference or the remote terminal may be located far away from the hub terminal and may 
only be able to decode certain the lowest order modulated bursts (e.g QPSK in this embodiment). 
Recovering the timing from a discontinuous transmission creates problems since timing is measured 
once per superframe and large amounts of error accumulate in between, whereas in a continuous 
20 transmission, the timing is measured much more often and with less error between measurements. 

The timing used at the hub terminal must be a very stable dock signal, such as a 
stratum-1 source, as known in the ait, and is further discussed with reference to FIG. 13. Stratum-1 
timing sources are very expensive and the point to multipoint eliminates having a separate stratum-1 
source at the remote terminals, by recovering the hub terminal timing over the air interface. 

25 Therefore, the timing at the remote terminal is very accurate and stable as well 

The timing recovery is done using a phase lock loop circuit (PLL). The hub 
terminal transmits the first burst of every superframe in farthest reaching modulation (eg. QPSK in 
this embodiment) and places a start of superframe sync word in this bunts preamble The buret 
detector 1004 of the multi-modulation modem 1002 detects the start of superframe sync word and 
30 generates a start of superframe signal 1006 sent to the compare in time unit 1010. The buret detector 
1004 corresponds to the burst detector and parameter estimator 1146 in FIG. 11. The remote time 
base counter 1020 generates a remote start of superframe signal 1022 onee every superframe which is 
also sent to the compare in time unit 1010. 

The compare in time unit 1010 counts the time offset in between the start of 
35 superframe signal 1006 and the remote start of superframe signal 1022. The time offset is sent as the 
timing offset signal 1012 to the second order loop filter 1014 (which is located in the control 
processor in the channel and control module of FIG. 9). At the second order loop filter 1014, a 
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second order phase lock loop algorithm is run on the liming oflict signal 1012. The second order 
loop filter 1014 slows down the filtering needed to accurately recover the timing in the discontinuous 
transmission, thus compensating for error in the discontinuous measurements. A timing recovery in a 
continuous transmission does not use a second order loop filter 1014. The use of a second order loop 
5 filter 1014 is unique in this application. The second order loop filter 1014 then outputs a digital 
number that gels translated to a voltage level by the D/A convener 1016. This voltage controls the 
VCO 1018. The output of the VCO 1018 is the dock input 1024, or the timing used at the remote 
terminal. The dock input 1024 is also fed hack into the remote time base oounter 1020 which is used 
to generate the remote start of superframe signal 1022. This timing (clock input 1024) is also 
10 distributed to all SSI modules to be used as their stable dock source. 

Thus, advantageously, the remote terminal of the point to multipoint system 
recovers the timing sent from the discontinuous transmission of the hub terminal. A prior art point to 
multipoint system has Its own timing source at the remote terminals and the transmission is 
continuous In the downlink. Furthermore, since the remote uses the same timing as the hub terminal, 

15 the hub terminal does not have to perform a separate timing recovery tn demodulate the bursts 
received from the various remote terminals. 

The various components and second order phase locked loop algorithms are known 
to those skilled in the art; and thus, no further explanation is needed. 

20 Multi-Modulation Modem 

Referring next to FIG. 8, a functional block diagram is shown for the multi- 
modulation modem of the indoor units of the remote terminal of FIG. 7 and the hub terminal of FIG. 

10. The multi-modulation modem 1100 indudes a modulator 1102 and a demodulator 1104. The 
modulator 1102 includes: transmit data 1106, transmit buffer interlace 1108, scrambler 1110, Reed- 
25 Solomon encoder 1112, and a modulation selector unit 1114 Induding a byte-to-syrabol converter 

1116, burst formatter 1118 and constellation lookup 1120. The modulator 1102 also contains a pulse 
shaper 1122, haUband filler 1124. tamper 1126, linearizer 1128, IF modulator 1130, sine distortion 
co m pe n s a ti on filter 1132, and the transmit IF 1134. The demodulator 1104 includes: receive IF 1136, 
matched filter and downconverter 1138, an acquisition s ecti on 1140 induding a precorrelation filter 
30 1144 and burst detector and parameter esti m a to r 1146. The burst deteetor and parameter estimator 

1146 outputs a gain estimate signal 1148, timing estimate signal 1150, phase estimate signal 1152 
and frequency offset esti m at e signal 1154. The demodulator 1104 also contains a tracking section 
1142 induding an automatic gain control 1156 (AGC), equalizer and phase rotator 1158, multi- 
m odu la t ton sliccr 1160, and a carrier recovery loop 1162. Also shown in the demodulator 1104 is the 
35 coefficient memory 1164, symbol to byte converter 1166, Reed-Soiomon decoder 1168, descrambler 
1170, and output buffer 1172. 
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The multi-modulation modem is an application specific integrated circuit (ASIC) 
especially created to perform burst-by^mist modulation using three different m odulat ions; QPSK, 16- 
QAM, and 64-QAM. The multi-modulation modem 1100 is not limited to these modulations, but 
could be configured to support BPSK, 32-QAM, 128-QAM. and 256-QAM modulations, for example. 

5 Advantageously, the multi-modulation modem is able to switch between modulations oo a burst-by- 

buist basis. Alternativety, the multi-modulation modem could be configured to switch modulations on 
a frame-by-frame basis. The multi-modulation modem 1100 creates the air interlace frame format as 
described in FIGS. 4-8 above. Thus, the multi-modulation modem switches between differently 
modulated traffic bunts and different types of traffic bursts. Advantageously, this enables a single 
10 hob terminal of the point to multipoint system to communicate with all of the remote terminals in its 

particular sector regardless of which region the remote terminal is located. Additionally, Ibis enables 
e ffi cien t use of the available bandwidth since communications with remote terminals that are radially 
closer to the hub ter minal can be accomplished using a modulation mode that requires less bandwidth 
(such as 64-QAM) than a modulation mode for a remote terminal located farther away (such as 
15 QPSK). Furthermore, the same multi-modulation modem 1100 can be used at the remote terminal 
and the hub terminal. 

The multi-modulation modem 1100 has two main systems; the modulator 1102 and 
the demodulator 1104. The modulator 1102 operates at up to 10 Mbaud (or 10 Msps) with a design 
goal of 12.3 Baud. The IF center frequency is two times the baud rate, or 20 MHz nominal. As 
20 transmit data 1106 enters the modulator from the bus controller of the indoor unit (see FIGS. 9 and 

14), it is input through a transmit buffer interface 1108. The transmit buffer interface 1108 is a ping- 
pong buffer allowing back to bade bursts. Next, the data is scrambled for energy dispersion by the 
scrambler 1110. The scrambler is coupled to the Reed-Solomon encoder 1112 in which encodes the 
data. The Reed-Solomon encoder 1112 is coupled to the byte-to-symbol converter 1116 of the 
25 modulator selector unit 1114. 

The modulation selector unit 1114 it the component of the multi-modulation modem 
1100 that enables the multiple modulations to be used. The symbol-to-byte convener 1116, which is 
coupled to the bum formatter 1118. The byte-to-symbol converter 1116 is programmable and 
converts the bytes to modulation symbols needed for the particular modulation each bum will bo 
3 0 modulated with (e.g. QPSK, 16-QAM, and 64-QAM). The burst formatter 1118 is coupled to the 

constellation lookup 1120. The bum formatter 1118 formats the symbols to a bum type, such as a 
quad bum or a single burst as dismissed in FIGS. 7 A and 7B. A preamble and post-amble can be 
appended to the bum by the bum formatter 1118 as well. The constellation lookup 1120 is 
programmable and formats the bum according to one of the three constellations it is configured for 4 
35 (QPSK), 16 (16-QAM), or 64 (64-QAM). The constellations are programmable and are not limited to 
square constellations. Constellations such as multi-level circular 64 point constellations may be used. 
Thus, advantageously, the modulation selector unit 1114 can format the bursts using a plurality of 
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modulation* on a bum-by-buret basis. This represents an improvement over the prior an modems 
which only modulate using one modulation. 

Next, the symbols are passed through a programmable pulse shaper 1122, such as a 
root-raised cosine fitter, which interpolates the signal. Next the signal goes through the haliband 
5 filter 1124. The tamper 1126, which is a programmable ramp, applies a ramp at the start and end of 
the bum. The liaearizer 1128 Is coupled to the tamper 1126 and compensates far non-linear 
distortion. Next the IF modulator 1130 modulates the signal to the Intermediate frequency (IF). 

Next the sine distortion compensation filter 1132, which is an FIR filter, compensates for the sine 
distortion as the transmit IF 1134 leaves the multi-modulation modem 1100. The transmit IF 1134, 
10 alternatively, may go to a loopback for self-testing. The functional blocks of the modulator portion 
1102 all receive bunt and timing oontrol signals and a table access interface couples to the transmit 
buffer interface 1108, burst formatter 1118, constcllatioa lookup 1120, ram per 1126, and linearizer 
1128. The transmit IF 1134 is destined for the IF-transceiver section of the indoor units of the remote 
terminals and the hub terminals (see FIGS. 9 and 14). 

15 The demodulator 1104 is fed the complex bandpass signal samples or the receive IF 

1136. These samples are filtered using a matched filter and downconverter 1138. The output of the 
matched filter and downconverter 1138 is e complex baseband I/Q signal. The demodulator is divided 
into two sections, the acquisition section 1140 and the tracking section 1142. The downconverted 
samples are sent to both of these sections. 

20 The acquisition section 1140 consists of the preooirelation filter 1144 and the bum 

detector and parameter estimator 1146. The burets received are one of two types: maintenance burets 
(overhead) and traffic burets. At the start of the maintenance burets, the precondation filter 1144, 
which is an FIR filter, is loaded with default coefficients from the coefficient memory 1164. The 
default coefficients are default interpolation coefficients from the coefficient memory 1164. When the 
25 precorrelation filter 1144 has default coefficients, the buret detector and parameter estimator 1146 will 
provide the true tinting offset as seen by the demodulator 1104. This timing estimate is sent as timing 
estimate signal 1150 to the equalizer and phase router 1138. The timing estimate Is used by the 
equalizer and phase rotator 1138 of the tracking section 1142 to select a set of interpolator 
coefficients. These interpolation coefficients are for all possible timing offsets for the different 
3 0 channels (for each remote terminal) are then stored in the coefficient memory 1164 to be used for the 
following traffic bursts received from the different channels. 

At the start of a traffic burst, the precorrclation filter 1144 is loaded with the 
coefficients present in the coefficient memory 1164 (determined from the maintenance bursts). This 
enables the burst detector and parameter estimator 1146 to provide better estimates of the parameters 
35 as the samples arriving at the buret detector and parameter estimator 1146 have been equalized for 

channel distortion. In the coefficient memory 1164, a separate tet of interpolator coefficients is stored 
corresponding to each channel that each remote terminal communicates through. Thus, the 
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precorrelation filter 1144 it loaded with the coefficient* belonging to the remote terminal (or hub 
terminal) that the traffic burst originated. 

This is a departure form the prior an in that a prior art demodulator does not 
typically contain a preconeiation filter at alL The I/Q signal is simply sent to a bum detector. 

5 Furthermore, the precorretaiion filter is loaded with coefficients in a unique way to enable mote 

amirat* estimation of the parameters (timing, gain, frequency offset, and phase) at the burst detector 
paramMw rginuHnr 1146 since the channel has been equalized far distortion. 

Thus, the maintenance bursts lor respective remote terminals go through the 
precorrelation filter 1144 with default coefficients (nos-equaliaed) in order to select equalised 
10 coefficients, for each respective remote terminal, which are loaded back into the preconeiation filter 

1144 as traffic bursts are received from each respective remote terminal. The equalized coefficients 
are selected based on the timing offset for the maintenance burst This process enables the burst 
detector and parameter estimator 1146 to obtain better parameter estimates of the traffic bursts of the 
buret detector and parameter estimator 1146 since the respective channels have been equalized prior 
15 to entry into the burst detector and parameter estimator 1146 by the precorrelation filter 1144 being 
preloaded with respective interpolation coefficients. 

The output of the preconeiation filter 1144 then goes to the burst detector and 
parameter estimator 1146 which detects the unique word of the preamble to signify a bum is present 
The bum detector can detect the start of a burst or the start of a frame or superftanic. This ensures 
20 that the demodulator 1104 will know when the start of the air interface frame format is. Once a burst 
is detected, the initial parameters are estimated including the timing offset, gain esti mate , phase 
estimate, and frequency offset estimate. FIG. 11 shows the details of how the frequency offset and 
phase offset is determined with the use of the split preamble as shown in FIG. 6. The bum detector 
and parameter estimator 1146 then sends out the following signals: gain estimate signal 1148 to the 
25 automatic gain control 1136, timing estimate signal 1150 to the equalizer and phase rotator 1138, 
frequency offbet estimate signal 1134 and phase estimate signal 1132 to the carrier recovery loop 
1162. 

At the tracking section 1142, the dewnconverted symbols are sent to the automatic 
gain control 1156. Using the initial gain estimate from the gain estimate signal, the automatic gain 
30 control 1136 (AGO) measures the power of the received I/Q samples and compares them to a 

programmable threshold level to generate the instantaneous power level. This instantaneous power 
error is filtered with a non-linear filter (within the AGC 1136) and then used to close a negative 
feedback loop which drives the received signal power level to the programmable threshold level. 

The I/Q outputs from the AGC 1136 are then fed into the equalizer and phase 
35 rotator 1138. The equalizer of the equalizer and phase rotator 1158 minimizes the imersymbol 

interference generated by the non-ideal phase/amplitude response of the channel. Also, the equalizer 
and phase rotator 1138 is loaded with coefficients in two different ways depending on the bum types. 
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During the maintenance bunt, the equalizer of the equalizer and phase rotator 11S8 is loaded with 
interpolator coefficients stored in the coefficient memory 1164. The liming estimate provided by the 
acquisition section 1140 is used to select a set of interpolator coefficients stored in the coefficient 
memory 1164. The t niiTw then tracks the channel variations, and at the end of the burst, the 
5 equalizer coefficients are stored back in the coefficient memory 1164. Only the coefficients 

corresponding to the remote terminal to which the burst belongs will be updated During the traffic 
bunt, the equalizer gets loaded with the coefficients used by the precorrelation filter 1144. Thus, the 
equalizer and the preconelation filter 1144 will be working on the tame set of coefficients. 

The equalizer coefficients are adapted using the least mean square algorithm (LMS). 
10 Other alogrithms, such as recursive least squares (RLS) could also be used. The equalizer can have 
only feed-forward coefficients or have both feed-forward and feed-back coefficients. Furthermore, the 
feed-forward coefficients can be fractional or symbol based. 

The carrier recovery loop 1162 tracks the phase and frequency of the suppressed 
carrier quadrature amplitude modulation (QAM) signal. Thus, the de m odulator can support both 
15 QAM and QPSK modulations. At the start of tracking for each bunt, the carrier recovery loop 1162 
is loaded with the phase estimate signal 1152 and the frequency offset signal 1154 provided in the 
acquisition section 1140. The carrier recovery loop 1162 tracks the phase and frequency using a 
second order phase lock loop. The phase error is obtained using the input to the multi-modulation 
sliccr 1160 (output of the equalizer and phase rotator 1158) and the output of the multi-modulation 
2 0 sliccr 1160. The output of the carrier recovery loop 1162 is then sent back to the equalizer and phase 
rotator 1158 in order to rotate the output prior to being sent to the multi-modulation sliccr 1160. 

Also, this phase is used to de-rotate the error used to update the equalizer coefficients. The equalizer 
error is also obtained with the multi-modulation dicer 1160 input and output 

The multi-modulation sheer 1160, which is programmable, converts the equalizer 

2 5 and phase rotator 1158 output to demodulated bits. Thus, the multi-modulation sheer 1160 maps the 

received data to one of the three constellations (4,16, and 64 points) which correspond to one of the 
three modulations modes (QPSK. 16-QAM, and 64-QAM, respectively). Additionally, the multi- 
modulation sliccr 1160 supports variants of the 64-QAM modulation, such as multi-level circular 
constellations. Thus, the multi-modulation slicer 1160 enables the multi-modulation capabilities of 

3 0 the multi-modulation modem 1100. The multi-modulation slicer 1160 is analogous to the 

constellation lookup 1120 of the modulator 1102. 

Additionally, the output of the multi-modulation slicer 1160 is converted from 
symbols to bytes by the symbol-to-byte converter 1166. The symbol-lo-byte converter 1166 supports 
three constellations, one for each modulation mode used by the modulator portion 1102. The output 
35 of the symbol-to-byte converter 1166 is sent to the Reed-Solo moo decoder 1168 to be decoded. The 

data then goes to a descrambler 1170 which undoes the scrambling inserted by the scrambler 1110 of 
the modulator 1102. The descrambled data bytes are then loaded into the output buffer 1172. The 
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output buller 1172 is a ping-pong buffer, so that while one buffer is being written to by the 
demodulator 1104, the other is being read by the baseband interface to the bus controller. This 
enables back to back bunts at the output buffer 1172. Thus, the output data 1174 is the signal output 
from the multi-modulation modem 1100 going to the bus controller of the digital baseband sections of 
5 the remote terminal and the bub terminal (see FIGS. 9 and 14). 

It is also important to note that a table access interfere provides the information 
about the frame formats and burst types »«wiatwt with each of the modulations used by the multi¬ 
modulation modem 1100 and is coupled to the transmit buffer interlace 1108, bunt formatter 1118, 
constellation lookup 1120, tamper 1126, linearizes 1128, bunt detector and parameter estimator 
10 1146, and output buffer 1172. 

The demodulator 1104 is controlled via a aeries a registers within a host interface. 
The registers are written to by a host microprocessor, i.e. the control processor of the remote terminals 
and hub terminals. Furthermore, the real time control of the demodulator 1104 is done by provided 
bum and timing controller logic. 

15 Note that not all of the functional blocks have been fully described since their 

function and implementation are understood to those skilled in the art; thus, no further explanation is 
needed. 

As shown, the multi-modulation modem 1100 advantageously modulates and 
de m odula t es a plurality of modulation inodes on a burst-by-bum basis. The multi-modulation modem 
20 1100 is able to switch modulations and switch bum types accordingly. The multi-modulation modem 

1100 la Implem en ted as an application specific integrated circuit (ASIC) as a single modem unit 
Furthermore, it is de sig ne d so that it can be used at the remote terminals and the hub terminals of the 
point to multipoint system. The multi-modulation modem can be programmed to only demodulate 
certain modulation inodes if the multi-modulation modem 1100 is to be used at a specific remote 
25 terminal within a specific region of a sector. 

Alternatively, the multi-modulation modem 1100 could be Implemented as three 
separate modems each supporting a single modulation and providing a switching «n#anc between each 
of the three separate modems. Regardless, the multi-modulation modem 1100 is a departure from 
prior art modems that support a single modulation and enables (he multi-modulation aspect of (he 
3 0 point to multipoint system of the embodiment shown in FIGS. 1 and 2. 

Referring next to FIG. 12, a functional block diagram is shown of a parameter 
estimation performed in the multi-modulation modem of FIG. 11 and using the split preamble feature 
shown in FIG. 6. The frequency offset estimator 1200 Includes the I/Q signal 1202 from the 
precorrelation filter (in FIG. 11). a first correlator 1204, delay buffer 1206. second aorrellator 1208, 
35 first phase estimator 1212, second phase estimator 1210, adder 1214, scaler 1216, and the frequency 
offset estimate 1218. 
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The l/Q signal 1201 enters the lint correlator 1204 which is coupled to the delay 
buffer 1206 and the first phase estimator 1212. The delay buffer 1206 is coupled to the second 
correlator 1208 which is coupled to the second phase estimator 1210. The output of the first phase 
estimator 1212 and the second phase estimator 1210 is coupled to the adder 1214 which is coupled to 
5 the scaler 1216. The scaler 1216 outputs the frequency offset esti m a t e 1218. 

In practice, the embodiment reflected in FIG. 12 provides an accurate frequency 
oflfeet estimate using the split preamble shown in the traffic burst of FIG. 6. The traffic buret has been 
optimized to have speci fi ed sizes so that differently modulated traffic burets can be mixed and 
matched on the air interface frame format of FIG. 5. However, in order to maximize the traffic 
10 throughput of each individual traffic bum, it is desirable to have as small a preamble for each traffic 

bum as possible. In prior art demodulators, the preamble is used to estimate the frequency offset of 
the received traffic burst. Specifically, a unique word is typically inserted into the preamble. The 
phase is estimated over the length of the unique word portion of the preamble in order to determine 
. the frequency oflSet The length ofthe unique word may be, for example, shout 32 symbols or 40 
15 symbols. This symbol length should yield an accurate phase estimate to give an accurate frequency 
offset. If the unique word is considerably longer, the estimate will not be as accurate since the phase 
will change too much over the length of the unique word. If the unique word is much shorter, the 
phase estimate will not be accurate since the symbol interval is too short to accurately estimate the 
phase. 

20 The embodiment shown In FIGS. 6 and 12 solves this problem by splitting the 

unique word into a first unique word 610 and a second unique word 611 with data (traffic) and or 
spares in between (the first data/spare section 612 as shown in FIG. 6). The first data/spare section 
612 separates the first unique word and the second unique word by a number of symbols defined as a 
preamble split length 613. The first unique word 610, the second unique word 611 and the first 
25 da t a/spare section 612 in between comprise an overall length equal to a typical unique word. Thus, 
two shortened unique words with data in between replace the prior ait unique word; therefore, a 
shorter unique word is used in the preamble and the traffic throughput of the traffic bum is Increased 
by the amount of symbols in between. As an example, a 32 symbol unique word can be replaced by an 
8 symbol first unique word, 16 symbols of data, and an 8 symbol second unique word. Also, there is 
30 no requirement that the first unique word be equal in length to the second unique word. For example, 
the second unique word could be 16 symbols while the first unique word is 8 symbols. 

As the l/Q signal 1202 (complex baseband) enters the burst detector and parameter 
estimator 1146 of the demodulator, it enters a first correlator 1204. The first correlator 1204 then 
looks for the first unique word. For example. If the first unique word is 8 symbols, the first correlator 
3 5 1204 detects the first unique word comprising 8 symbols and then sends the I/Q output for the first 

u niqu e word to the first phase estimator 1212. The correlation is done at the symbol rate so that every 
other sample is ignored. The first correlator is really two correlators, one for the in-phase component 
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samples (I) and one Tor the quadrature component samples (Q). Correlators are well known in the art; 
thus, no further explanation is needed. 

The I/Q signal also goes to the delay buffer 1206 which accounts for the number of 
symbols in the first da t a / sparc section in between the first unique word and the second unique word. 

5 The delay buffer 1206 stores the 16 symbols of the first data/spare section. The second correlator 
120S then looks for the second unique word (e g. 8 symbol unique word) and sends the I/Q signals for 
the second unique word to the second phase «Hmatnr 1210. The second correlator 1208 is also really 
two correlators. The first phase estimator 1212 and the second phase estimator 1210. each estimate 
the phase for the first unique word and the second unique wont respect i vely. The difference is taken 
10 bet w e en the two phases at the adder 1214 and is sealed by the scaler 1216 to produce the frequency 
offset estimate 1218. The scaler 1216 divides the phase difference by the distance between middle of 
the first unique word and the second unique word. For example, the distance in the example would be 
4 symbols +16 symbols of data + 4 symbols = 24 symbols. The symbols are multiplied by the symbol 
rate to get the distance This is a departure from a prior art frequency estimator which only contains 
15 one correlator, not a first correlator 1204 and a second correlator 1208. 

Thus; the frequency offset estimator 1200 uses the unique split preamble shown in 
FIG. 6 to estimate a frequency offset in a small preamble that approximates the Cramer-Rao bound 
with as little as 16 symbols total between the first unique word and the second unique word. The 
traffic throughput is maximized while retaining accurate frequency estimation. The functional blocks 
20 are understood to those skilled In the art; thus, no fiuther explanation is needed. 

Hub Terminal Site 

Referring next to FIG. 13, a block diagram is shown for the hub site of the 
embod imen t of the point to multipoint system shown in FIG. 2. The hub site 1300 has a radio 
25 subsystem 1301 including hub terminals 1302, each having a main outdoor unit (ODU) 1304 and 

antenna 1306. backup outdoor unit 1308 and antenna 1310. intrafacility link (IFL) 1312. main indoor 
unit (IDU) 13 14, and backup indoor unit 1316. Also shown are transmission equipment 232 system 
including a TDM multiplexer 1318, ATM multiplexer 1320 and timing source 1322. Also shown are 
DS3 lines 1324 (digital signal 3) and OOc lines 1326 (optical canter level 3 concatenated), a LAN 
3 0 router 1328, a wide area network line 1330 (WAN line), backhaul lines 1332, and a timing reference 
signal 1334. 

Each hub terminal 1302 (sector radio) includes a main outdoor unit 1304 having an 
antenna 1306 coupled to a main indoor unit 1314 via an intrafirility link 1312 (IFL). Also shown are 
the backup outdoor unit 1308 having an antenna 1310 coupled to the backup indoor unit 1316 via an 
35 Intrafacility link 1312. The backup indoor unit 1316 (IDU) has the same connections as the main 
IDU 1314; thus, only the main indoor unit 1314 will be discussed. Each main indoor unit 1314 has 
one DS3 line 1324 to the TDM Multiplexer 1318 and one OC3c line 1326 to the ATM Multiplexer 
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1320. The TDM Multiplexer 1318 and the ATM Multiplexer 1320 each have backhaul lines 1332 
allowing connection to a transport network (not shown). Each main indoor unit 1314 of each hub 
terminal 1302 ii coupled to the LAN hub 1328 and the timing source 1322. The timing souroe 1322 
sends the timing r e fere nce signal 1334 to each hub terminal 1302. The LAN router 1328 has an 
5 optional WAN line 930 to the EMS. 

In practice, the hub site 1300 Is the heart of the point to multipoint system. The hub 
site 1300 supports a multi-frequency, multi-sector bub. The radio channel is divided into 
subchannels. For example, a 

30 MHz channel may be divided into 4 12.3 MHz subchannels. Each bub site 1300 supports one 
10 channel and each hub terminal 1302 supports one subchannel (sector). Furthermore, each sector 

(*pie shoe" of FIG. 1) may contain more than one hub terminal 1302 depending on multiple c hann el s 
at the hub site 1300 and the location of the remote terminals. Each hub terminal 1302 (sector radio) 
of the radio subsystem 1301 contains an outdoor unit 1304 having an antenna 1306, an lnuafedlity 
link 1312, and an indoor unit 1314. 

15 The outdoor unit 1304 (alto referred to as the transceiver unit) is an integrated 38 

GHz transceiver and antenna 1308. The outdoor unit 1304 of the hub terminal 1302 is the same as 
the outdoor unit of the remote terminal as described in FIG. 9, except the transmit and receive bands 
are swapped with respect to the transmit and receive bands of the outdoor unit of the remote terminal 
The outdoor unit 1304 upconverts the signals from the imrafecility link 1312 to the transmit 
20 frequency, and downconveru the signals from the air Interface to the Intmfeciiity frequency. It is 
typically located on the top of the building of the hub site 1300. Additionally, the outdoor unit 1304 
may be connected to a surge protector at the entrance to the building. 

Alternatively, since the hub terminal 1302 transmits using a discontinuous 
transmission (TDMA), the outdoor unit 1304 may include a switched beam antenna (not shown) as 
25 the antenna 1306, such that a switch is coupled to several antennas. Each antenna transmits to a 
narrow subsector, e.g. a 13-22 degree subsector. The switched beam antenna must switch between 
TDMA bursts Of the air interface frame format Thus, only one antenna transmits at a time, reducing 
Interference in other sectors and hub terminals 1302. This also extends the range of the point to 
multipoint system by transmitting more energy/bit in a narrower beam than would be required for an 
3 0 antenna 1306 covering the entire sector. Thus, the magnitude of the multipath is reduced and the 

higher order modulations operate better. Similarly, a phased array antenna system would accomplish 
the same results. 

The intrafadlity link 1312 connects the outdoor unit 906 to the indoor unit 1314 
and is the same as the intrafadlity link 1312 used in the remote terminal and d e scribed in FIG. 9. 

35 The indoor unit 13!4(channel processing unit) of the hub terminal 1302 if very 

similar to the indoor unit of the remote terminal. The indoor unit 1314 of the hub terminal 1302 also 
supports multiple transport modes, such as asynchronous (ag. ATM) and synchronous (e.g. TDM), 
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and supports multiple modulation modes, such as QPSK. 16-QAM. and 64-QAM. It interface* the 
intrafociiity link 1312 and includes the channel and command module (CCM) containing an IF- 
unnsceivcr section, baseband section, multi-transport mode cell bus, and four SSI pons. The internal 
workings of the indoor unit 1314 of the hub terminal 1302 rue similar to those of the indoor unit of 
5 the remote terminal and arc further discussed with reference to FIG. 14. Advantageously, the indoor 
unit 1314 of the hub terminal 1302 uses the same mtthi-moduialion modem as the indoor unit of the 
remote terminal. Thus, advantageously, only one mulH-mndnlallon modem ASIC needs to be 
designed for all of the hub terminals and remote terminals of the point to multipoint system. 

Some differences between the indoor unit 1314 of the hub terminal 1302 and the 
10 indoor unit of the remote terminal am the types of SSI modules used in the SSI ports and there are a 

few additional interfaces in the indoor unit 1314 of the hub terminal 1302 (see FIG. 14). The indoor 
unit 1314 of the hub terminal 1302 only uses three types of interfaces to the transmission equipment: 
TDM-DS3 SSI module (see Fig. 21) to interface with the DS3 line 1324. ATM<OC3c SSI module (see 
FIG. 22) to interlace with the OC3c line 1326, and DS3 transparent SSI module (see FIG. 24) to 
15 interface with the DS3 line 1324. 

In this embodiment, each bub terminal 1302 uses a 1:1 redundancy system in the 
event there is a failure at one of the hub terminals 1302. If cither the main outdoor unit 1304 or the 
man indoor unit 1314 foils, then the backup outdoor unit 1308 and backup indoor unit 1316 are 
switched into use. The interruption of service is slight to the subscribers. The backup outdoor unit 
20 1308 and backup indoor unit 1316 are configured exactly as the main outdoor unit 1304 and main 

indoor unit 1314. The remote terminal of FIG. 9 also tees a 1:1 redundancy system. 

Alternatively, the hub site 1300 may use a 1:N redundancy system as described in 

FIGS. 37-38. 

The transmission equipment 252 is the same as described with reference to FIG. 2. 
25 The TDM multiplexer 1318 and ATM multiplexer 1320 are used to transport TDM and ATM traffic, 
respectively, to and flna the transport network (not shown). Backhaul lines 1332 connect the TDM 
multiplexer 1318 and ATM multiplexer 1320 to the transport network and include DS3, OC3c, and 
CXI 12c lines, for example. 

Additionally, a timing source 1322 provides a synchronization plan to the hub 
30 terminals 1302. It is important thatthe timing source be a very stable, accurate source, such as a 
stratum-1 level tinting source, as known in the art, since the timing at the hub terminal 1302 is used 
at the remote terminals and the SSI modules coupled to the remote terminals. The timing source 1322 
may be an external DSI sourced reference (GPS-sourced or other DSI reference), DS3 line, or a DS1 
embedded in a DS3. The timing source 1322 is then used to derive the symbol rate for the radio 
35 interface of each hub terminal 1302. The tinting reference is also referred to in FIG. 14. If the timing 
source is the DS1 within a DS3 (i.e. a T1 within a DS3), the timing is usually provided by the 
switches at the central office that is coupled to the transmission equipment 252 via the transport 
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network (see FIGS. 1 and 2). In this ease. if there is a drill in the timing due to an error condition at 
the central office, all of the hub terminals will drift as well, and no data will be lost 

Furthermore, a LAN router 1328 is provided to allow for communication between 
hob terminals 1302 at the hub site 1300 and for optional connection to a wide area network (WAN) 

5 via a WAN line 1330. In one embodiment, the element management system (EMS) 122 uses the 
WAN to communicate with each hid) terminal through the LAN router 1328. The WAN line 1330 
could be provided as an Ethernet lOBaseT line. Thus, the dement management system can 
communicate with the hub terminals 1302 at the hub site 1300 through the LAN router 1328. The 
LAN router 1328 also allows the hub terminals 1302 to communicate with each other. Alternatively, 
10 the EMS can communicate with the hub terminal 1302 by sending messages through the transport 

network and backhaul lines 1323. This, advantageously, eliminates the need for a wireline connection 
from the EMS to the hub site 1300. This is further described with reference to FIG. 22. 

The following is an overview of the traffic flow from the central office through the 
hub terminal. Traffic is routed by the element management system, which is located at the central 
15 office, to the hub site 1300 through a transport network, such as a SONET ring. The traffic arrives at 
the TDM multiplexer 1318 or the ATM multiplexer 1320 depending on the type of traffic. ATM 
traffic is routed to the desired hub terminal via the OC3c line 1326 while TDM traffic is routed to the 
desired hub terminal via the DS3 line 1324. The respective traffic is multiplexed onto a molti- 
transport mode cell bus al the individual SSI modules by the indoor units 1314. The multi transport 
20 mode cell bus is discussed in FIGS. 15-18. The mixed traffic is then formatted for the radio Interface 
and modulated to the intermediate frequency at the indoor unit 1304. The 1FL 1312 carries the traffic 
to the outdoor unit 1304 where it is upconverted to the transmit frequency of the radio interface. 

Thus, the traffic is broadcast to the remote terminals within the antenna sector coverage of the outdoor 
unit 1304. The data flow is the opposite arriving at the outdoor unit 1304. Thus, the hub terminal 
2 5 1300 of the present embodiment carries both ATM and TDM traffic, whereas prior art systems require 

separate infrastructures for ATM and TDM transport. 

Another unique feature of the hub site is that the hub site is a modular hub site 
architecture. In a prior art point to multipoint system, when the hub site is created, the hub site 
architecture is designed as one chassis that includes cards for all of the different hub terminals that 
30 will be supported at the hub site. Each of the cards (for the hub terminals) shares a common 

processor, common SSI interface modules, commoa backplane interface, common power supply, etc., 
as known in the art In other words, each of the hub terminals in a prior art system do not operate 
independently from the common equipment Thus, to set up a hub site, the architecture must be set up 
for an entire system. 

35 In contrast in this embodiment of (he present invention, a system designer can build 

a hub site with only one subchannel of a frequency channel by installing one modular hub terminal 
(i.e., hub terminal 1302) comprising one outdoor unit 1304 and one indoor unit 1314. The indoor 
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unit it a small unit, that only has two cards that supports one subchannel- To add more subc h a n nels, 
simply install another modular hub terminal for each subchannel into the chassis. The modular hub 
terminals do not have to share a common processor, common SSI interface modules, common 
backplane interlace, or a common power supply. Therefore, the modular bub terminals (i.e., hub 
5 terminals 1302) operate independently of the other modular hub terminals and other common 
equipment Thus, the architecture for an entire prior art point to multipoint system supporting an 
entire channel does not need to be installed to just create a hub site with as lew as one subchannel. 

This is particularly advantageous since the cost is very high to install a prior art 
point to multipoint system that only uses one subchannel of a frequency channel. In practice, many 
10 service providers will set up a paint to multipoint system that only services one or two subchannels 

since many subscribers may be located very dose to each other, or there are very few subscribers to the 
point to multipoint system, or there are physical barriers (e.g. a mountain) that prevent the use of 
many hub terminals (each using separate subchannels). Advantageously, the modular hub site allows 
the point to multipoint system to grow with the Hwnaiut of the subscribers without forcing the service 
15 provider to pay for an entire point to multipoint system architecture supporting an entire channel 

initially. 

In another embodiment, the lines to the backhaul lines 1332 could be replaced by a 
wireless communications link (not shown) from the transmission equipment 232 to the transport 
network (shown in FIGS. 1 and 2) or backhaul infrastructure. The wireless communications link 
2 0 could be a microwave radio communications link very similar to the communications link between the 
hub terminals 1302 and the respective remote terminals. An antenna, e.g. a first 12* antenna, is 
coupled to the transmission equipment 252 and a corresponding antenna, e.g. a second 12” antenna, is 
coupled to the transport network. This embodiment allows for a distance of about $ to 10 miles 
between the hub site and the transport network. 

2 5 Referring next to FIG. 14, a block diagram is shown for a hub terminal (multi-mode 

hub terminal) in the embodiment shown in FIGS. 2 and 13. The hub terminal 1400 contains an 
outdoor unit (ODU) 1402 (also referred to as a transceiver unit) having an antenna 1404 and an 
Indoor unit (IDU) 1406 (also referred to as a channel processing unit). The indoor unit 1406 couples 
to an intrafecility link 1408, maintenance port 1410, local area network (LAN) interface line 1412, T1 
30 reference line 1414, multi-transport mode cell bus 1416.TDMDS3 SSI module 1418. ATM OC3c 
SSI module 1419, optional DS3 transparent SSI module 1421. and a channel and command module 
1420. The channel and command module (CCM) 1420 includes: an IF-transccivcr section 1422 
containing an intrafecility (IFL) interface 1424, upconvcncr 1426. and downconvener 1428; a digital 
baseband section 1430 containing a multi-modulation modem 1432. bus controller 1434, control 

3 S processor 1436, control signals 1437, maintenance port interlace 1438, LAN controller 1440. and 

timing logic 1442; and also a LAN interface 1444, and T1 interface 1446. 
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The outdoor unit 1402 is coupled to the indoor unit 1406 via the intrafacility link 
1408 which is coupled to the IFL interface 1424 within the IF-transceiver section 1422 of the CCM 
module 1420. The IFL interface 1424 is coupled to the upcooverter 1428 and the downoonverter 
1426. The upoonverter 1428 and the downconvcttcr 1426 are each coupled to the multi-modulation 
S modem 1432 of the digital baseband section 1430. The multi-modulation modem 1432 is coupled to 
the bus controller 1434 which Is coupled to the mu]ll-transport mode cell bus 1416. Tbc maintenance 
port 1410 is coupled to the maintenance port interface 1438 which is coupled to the control processor 
1436. The LAN interface line 1412 is coupled to the LAN interface 1444 which Is coupled to the 
LAN controller 1440. The Tl reference 1414 is coupled to the T1 interface 1446 which is coupled to 
10 the timing logic 1442 of the baseband section 1432. The maintenance port interface 1438, LAN 
controller 1440, and timing logic 1442 arc each coupled to the control processor 1436. The timing 
logic and the control processor are also coupled to the multi-transport mode cell bus 1416. The 
control processor 1436 sends control signals 1437 to the IFL interface 1424, upconverter 1428 and 
downoonverter 1426. 

15 In practice, the indoor unit 1406 (IDU) of the hub terminal (sector radio) is very 

similar to the indoor unit (IDU) of the remote terminal. The components of the IF-transceiver 1422 
are exactly the same as those described in FIG. 9. The multi-modulation modem 1432 of the hub 
terminal 1400 is the same rnulti-modulation modem as described in FIG. 11. Advantageously, the 
multi-modulailoa modem 1432 is capable of transmitting using multiple modulation modes on a 
2 0 burst-by-burst basis and supports QPSK, 16-QAM ,and 64-QAM as earlier discussed. The bus 

controller 1434, control processor 1436, and multi-transport mode cell bus are also the same as those 
in the indoor unit of the remote terminal (see previous figures for details). 

However, the control processor 1436 of the digital baseb an d section 1430 of the hub 
terminal 1400 is in regular contact with the dement management system. Thus, the control processor 

2 5 1436 makes all of the assignments of timeslots for traffic on the multi-transport mode cellbus 1416 

and the air interfile. It also creates the time plan that maps the DSO's from the SSI modules to the 
appropriate time slots of the multi-transport mode bus flame format and air Interface flame formal. 
The control processor 1436 instructs the service specific interfaces, such as the TDM DS3 SSI module 
1418, when to transmit and copy traffic from the multi-transport bus (via a time plan) and what 

3 0 header information to assign the mixed traffic. The control processor 1436 uses the overhead 

messaging of the air interface frame format to communicate with the processors of the indoor units of 
the remote terminals. 

The maintenance port 1410 is similar to the maintenance port of the indoor unit of 
the remote terminal. The maintenance port 1410 is used to support laptop PC serial port connection 
35 for maintenance and testing of the indoor unit 1406. The maintenance port 1010 uses a maintenance 
interface 1438, such as an RS 232 Port, to interface with the control processor 1436. 
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The LAN controller 1440 is not in the remote terminal and is a PCI bus-based 
controller that provides an interface to the element management system of the central office. The 
LAN interface 1444 interfaces with the LAN interface tine 1412 which is typically an Ethernet 
lOBaseT line. The LAN interface line 1412 allows connection to a wide area network (WAN). The 
5 dement management system uses the WAN to communicate with the LAN controller 1440. The 
element management system sends operations, administration, and management signals to the control 
processor 1436 of the CCM 1420. The LAN controller 1440 also allows the control processor 1436 to 
communicate with the control processors 1436 of other hub terminals 1400 at the same hub site. 

The timing logic 1442 receives the liming reference source from a separate land 
10 based T1 (DS1) reference line 1414 through the T1 interface 1446 and translates it into the symbol 
rate to be used throughout the point to multipoint system. Thus, the t im i ng logic 1442 creates the 
timing used all the way to the remote terminals, iDeluding at the SSI modules (see FIGS. 20-25B) and 
fiber extender modules (see FIGS. 32-34) that are coupled to the remote terminal! Alternatively, the 
reference clocking at the hub terminal 1400 may come form several sources, including: a DS3 line 
15 clock retrieved from the DS3 TDM SSI Module or a DS3 transparent line source; DS1 source 

embedded in a DS3-TDM SSI module from either DSI line 1 or line 28 of the D S3-TDM SSI module; 
an OC3c line clock recovered from the OC3e ATM SSI module; or a DSI reference line 1414 as 
shown in FIG. 13. 

The reference docking at the hub terminal 1400 is transmitted to the remote 
20 terminals through the air interface. This is done by deriving the symbol rate dock at the timing logic 
1442 from the input reference clock and then using the received symbol rate at the remote indoor unit 
to generate the required network interface clocks. It is important that the reference clocking 
transmitted match the landline clock stability and also meet the relevant jitter, wander, holdover, and 
clock traceability standards. Thus, the above mentioned sources of a reference clock should be a 

2 5 stratum-1 Icvd or equivalent liming source in order to provide the stability needed for the point to 

multipoint system. 

The control processor 1436 is a reduced instruction set code (RISC) processor that 
nuts the channel and control module and coordinates the maintenance port 1410, LAN controller 
1440, timing logic 1442, and multi-transport mode cell bus 1416. It also generates control signals 

3 0 1437 which arc sent to the IF-transoeiver 1422 for gain control. 

The multi-transport mode cell bus 1416 is a synchronous TDM cell bus that can 
transport both ATM and TDM traffic to and from the bus controller 1434 to the SSI modules. The 
multi-transport mode cell bus 1416 Is described in more detail with reference to FIGS. 15-18. 
Advantageously, the multi-transport mode cell bus 1416 is an improvement over prior art bus systems 
35 that use one bos to transport ATM traffic and a separate bus to transport TDM tragic. 

The indoor unit 1406 has four SSI ports, but only uses three SSI modules including 
a TDM-DS3 SSI module 1418, described with reference to FIG. 21, an ATM-OC3c SSI module 1419 
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described with reference to FIG. 22, and a DS3 transparent SSI module 1421 is described with 
reference to FIG. 23. The TDM-DS3 SSI module 1418 is for transporting TDM traffic through a DS3 
line, which is 28 TI lines (28 DS Is). The ATM-OOc SSI module 1419 is for transporting ATM 
traffic through an OC3c line. The DS3 transparent SSI module 1421 uses the entire bandwidth of the 
5 s ubc h a nn el (sector), c.g. 12.3 MHz. to transit either asynchronous (e g. ATM) or synchronous data 
(e.g. TDM) (or point to point links within the point to multipoint system. 

Multi-Transport Mode Cell Bus 

Referring next to FIG. 15, a bus frame format is shown for the multi-transport mode 
10 cell bus that provides the interface between the channel and control module (CCM) of the indoor units 
of the hub ter m i na ls and the remote terminals shown in FIGS. 9 and 14 and the SSI modules shown 
in FIGS. 20-25B, and illustrates the relationship to the air interlace frame format of FIG. 3. The 
diagram 1300 shows the multi-modulation modem 1302, bus controller 1304, SSI modules 1606, air 
interface frame format 1308. multi-transport mode cell bus 1510 (also referred to as a multi-transport 
15 mode bus), and the multi-transport mode bus frame format 1312. The multi-transport mode bus 

frame format 1312 (hereinafter referred to as the bus frame format 1512) has a synchronization slot 
1314, an intermodule communication section 1516 (hereinafter ref e rr e d to as the IM-Com section 
1316) containing a number of message timeslots 1528, and a cell bus data section 1518 (hereinafter 
referred to as the CB-Data section 1118) containing a number of data timeslots 1326. Also shown is 
20 the corresponding air Interface frame format 1308 (as shown in FIG. 5) having an overhead section 
1520, a spare section 1324, and a traffic section 1322. 

The SSI modules 1306 are coupled to the bus controller 1304 via the mnlti-tran^xsrt 
mode cell bus 1510. The bus controller 1304 is coupled to the multi-modulation modem 1302 which 
is coupled to the IF-transceiver of the indoor units (not shown). The multi-transport mode cell bus 
25 1510 uses the bus frame format 1512 and the multi-modulation modem 1302 outputs the air interfhee 

frame format 1508. 

In practice, the multi-transport mode cell bus 1310 carries both asynchronous 
signals (such as ATM traffic) and synchronous signals (such as TDM trafficX in contrast with a prior 
art bus that requires separate busses for TDM and ATM traffic. The multi-transport mode cell bus 
30 1510 provides the link between the channel and control module of the indoor unit and the individual 

SSI modules 1506 (see FIGS. 20-25B). The multi-transport mode cell bus 1510 is an 8 bit 
synchronous TDM cell bus that use* the bus frame formal 1312 having a fixed length. The first 
timeskx is a synchronization slot 1314 that is used for synchronization purposes between the indoor 
unit of the remote terminal and an extension indoor unit (EIDU) which will be dkni««d further with 
35 reference to FIGS. 32-34. The remainder of message timeslots 1528 in the IM-Com section 1516 of 
the bus frame format 1312 are a fixed length depending on the bus frame length. Furthermore, the 
diagram shown corresponds to both the hub terminal and the remote terminals The specific SSI 
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modules 1306 will vary depending on whether at the remote terminal or the hub terminal and the 
services coupled to them. 

The length of the bus frame format 1312 is chosen such that the bus frame format 
1312 can be directly mapped to the air interface flame format 1308 as des crib ed in FIGS. 4-8. For 
5 example if the air interface frame format is 6 msec In length, the bus frame format 1312 Is also 6 
msec in length, matching the air interface frame format 1308. The CB-Data section 1518 of the bus 
frame format 1512 maps to the traffic section 1522 of the air interface frame format 1508. 
Furthermore, a different number of data timeslots 1526 of the CB-Data section 1518 can be assigned 
to the differently modulated traffic bursts within the traffic section 1522 of the air interface frame 
10 format 1508. Far example, 12 data timeslots 1526 of the CB-Data section 1318 could be mapped to 
one QPSK Quad traffic burst or 6 timeslots could be mapped to one 16-QAM Quad traffic bunt, or 4 
timeslots could be mapped to one 64-QAM Quad traffic burst on the air interface frame format 1308. 

The overhead section 1320 of the air interface frame format 1308 Is only needed lbr 
communications between the CCMs of the indoor unit of the remote terminal and the indoor unit of 
15 the hub terminal. Thin, the overhead section 1320 is dropped by the bus controller 1504 of the CCM 
of the indoor unit such that the synchronization slot 1514 and the IM-Ccm section 1516 conveniently 
fit in its place. Thus, the IM-Ccm section 1516 provides the control/status communication interface 
between the host processor (e.g. control processor, not shown) of the CCM and the local processors of 
the SSI modules. Thus, the IM-Com section 1316 and the synchronization slot 1314 comprises a 
20 necessary length to allow the bus frame format 1312 to directly correspond to the air interface frame 
format 1308. 

This mapping of the bus frame format is a departure from the prior art which often 
uses two separate bus frame formats to communicate the messaging and the data. Furthermore, prior 
art bus frame formats known do not directly cor re sp ond to the an air interface frame format. Thus, 
25 the uniquely designed bus frame format 1312 corresponds directly to the air interface frame fbnnat 
1308. 

The multi-transport mode cell bus 1100 also operates at a fixed frequency that 
matches the air interface symbol rate. For example, if the air interface operates at a symbol rate of 10 
Msps, then the multi-transport mode cell bus 1310 operates at 10 Mbps. At the hub terminal, the 
30 timing for the multi-transport mode cell bus 1310 is derived from a timing reference or link to the 
transport network as described in FIG. 13. At the remote terminal, the timing for the multi-transport 
cell bus 1510 is derived from (he signaling sent from hub terminal. The CB-Data section 1318 
comprises fixed length data timeslots 1326. Advantageously, the data timeslots 1326 are configured 
such that they may cany both specially formatted TDM cells and ATM cells, which are in 

35 FIGS. 28 and 29, on the same bus frame format 1512. Again, this is a departure from the prior art 
wherein separate bus frame formats are used for ATM and TOM transport. The structure of the IM- 
Com cells that fit within each message timeslot 1528 of the IM-Com section 1516 and the structure of 
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Ute CB-Data cells that fit within each data timeslot 1526 of the CB-Data section 1518 are discussed 
with reference to FIGS. 16 and 17, respectively. Thus, as will be described in FIG. 128, the CB-Data 
cells that ft within the data timeslots 1526 of the CB-Data section 1518 are designed to carry either 
ATM cells or specially designed TDM cells. 

5 Furthermore, the multi-traffic mode cell bis 1510 combines messaging (i.e. in the 

IM-Cotn section 1516) and data (i.e. In the CB-Data section 1518) on the same bus. whereas, 
typically. In a prior an system, a separate bus is used for both messaging and data transport One 
advantage to only using one cell bus is a reduction in the number of pins used in the cell bus structure. 

The data timeslots 1526 have been selected to correspond to the air frame format 
10 1108. The data timeslots 1526 could indude a different number of bytes; however, the length of the 

data timeslots 1526 of the CB-Data section 1518 can not be less than 53 bytes since they are designed 
to fit the standard 53 byte ATM cell and a 53 byte TDM cell. Ideally, the length should not be less 
than 55 bytes in order to accommodate control bytes shown in FIGS. 16 and 17. The timing signal or 
dock is also part ofthe multi-transport mode cell hus 1510. Refer to FIG. 18 for the specific lines or 
15 signals that makeup the multi-transport mode cell bus 1510. 

The message timeslots 1528 of the IM-Cora section 1516 are configured to have 
specific assignments. There is me specific message timeslot 1528 available for each SSI module to be 
co n nected to the indoor units. Furthermore, there is a message timeslot 1528 for each fiber extender 
module, both master and slave (described FIG. 33), and one message timeslot 1528 for each ofthe 
20 four SSI ports of the extension Indoor unit or EIDU (described in FIG. 32). Also, there can be 
additional message timeslots 1528 available that may be dynamically assigned to any SSI module 
1506 as needed. 

Referring next to FIG. 16, a diagram showing the structure of an IM-Com cell 1600 
used by the multi-transport mode cell bus of FIG. 15 Is shown. The IM-Com cell 1600 has a header 

2 5 1602 containing an SSI ID 1606, messaging semaphores 1608 as known in the art and an unused 

section 1610. The IM-Cora cell 1600 also contains a message section 1604. The header 1602 
I n clu d es the first byte which is for the SSI ID 1606 which is used to resolve conflicts between different 
SSI modules attempting to place data into the sane timeslot. The second byte is for the messaging 
semaphores 1608 and the third byte is unused. 

3 0 The SSI ID 1606 is a field containing a number of bits, e.g. 8 bits. The lower 4 bits 

of the SSI ID 1606 is used for the SSI modules ooupled to the indoor unit and the upper 4 bits of the 
SSI ID 1606 are used by respective extension indoor units (see FIG. 32). Thus, one tat is assigned to 
each SSI module and each extension indoor unit that interfeces with the multi-transport mode cell 
bus. In operation, when a particular SSI module transmits into a timeslot, it places a '0* bit into its 
35 SSI ID 1606 bit, otherwise the SSI ID 1606 hit is a "I*. Since a message timeslot is assigned only to 
one SSI module, only one of the bits in the SSI ID 1606 should be a "0* at for any given message 
timeslot in the IM-Com section. Thus, if the third bit ofthe SSI ID 1606 is assigned for the SSI 
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module in SSI port #3, (be lower four bits of (be SSI ID 1606 should be *1011* fora timeslot that SSI 
module in SSI port #3 is transmitting in. The channel and control module (CCM) of the indoor unit 
resolves conflicts if them arc more than one *0" bit in each of the upper and lower 4 bits of the SSI ID 
1606 for a particular message timeslot in the IM-Com section. 

5 The remaining m bytes comprising the message section 1604 are used for messaging 

between the CCM control processor and the local processors of the SSI modules. This messaging tells 
the SSI modules which message limes!ott to use when transmitting and receiving, as well as other 
control information The IM-Com cells 1600 are formatted by the bus controller and the control 
processor of the indoor unit or by the local processors of the individual SSI modules. 

10 Referring next to FIG. 17, a diagram showing the structure of an CB-Daia cell (slso 

referred to as a traffic cell) that travels oa the multi-transport mode TDM cell bus of FIG. IS is 
shown. The traffic cell 1700 has a header 1702, data cell 1704 (also referred to as a payload cell), 
and a spare section 1706. The header 1702 Includes the first byte for the SSI ID 1708 (see FIG. 16) 
and the second byte for the payload status 1710. 

15 The traffic cell 1700 fits into one of the data timeslots 1526 of the CB-Dala section 

1518 of the bus frame format The traffic cell 1700 may be designed to match the length of the IM- 
Com cell 1600. Furthermore, the length of the traffic cell 1700 is such that one or more traffic cells 
1700 advantageously can be mapped to the traffic bunts of the air interface flame format. For 
example, two traffic cells 1700 could makeup one 16-QAM single traffic bunt or 12 traffic cells 1700 

2 0 could make up one QPSK quad bum. 

The data cell 1704 within the traffic cell 1700 is advantageously 53 bytes long, the 
size of a standard ATM cell. This enables transport of asynchronous signals, such os a 53 byte ATM 
cell, or synchronous signals, such as S3 bytes of TDM data formatted within a specially designed 53 
byte TDM cells (sec FIG. 29), in the data cell 1704. Thus, the ATM and TDM cells are multiplexed 

2 5 onto the multi-transport mode cell bus by the SSI modules (specifically, the formatters of the SSI 

modules). This feature eliminates the need to have one TDM cell bus for transporting TDM traffic 
and another cell bus for transporting ATM traffic. 

The spare section 1706 contains the remaining bytes, if any, which are unused in 
this e m bod imen t The spare section 1706 comprises a length such that the bus frame format can be 

3 0 made to match the air interface frame formal so that the bus frame format will easily map to the air 

interface frame format Depending on the design of the air interface frame format and ether system 
parameters, the data cell 1704 within the traffic ceil 1700 may contain more bytes, but it may not 
contain less than S3 bytes and still remain compatible with the 53 byte ATM standard cell 

Furthermore, the traffic cell 1700 includes a bytes. The size of the traffic cell 1700 

3 5 depends on the length of the air interface frame format, the frequency used and the minimum data ceil 
size. As shown in FIG. 17, the traffic cell 1700 should be at least 55 bytes in order to account for the 
53 byte data cell 1704 and the header section 1702. Note also that the data cell can cany both ATM 
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cells and TDM cells, and that if the length of a standard ATM cell was replaced by a new standard 
length, the various eell sizes could be adjusted accordingly. 

Referring next to FIG. 18, a timing diagram 1800 Tor the multi-transport mode cell 
bus is shown in FIGS. 15 through 17. The following cell bus signals comprise the multi-transport 
mode cell bus: CB_CLK 1802, CB_TX_FS 1804, CB_TX_TSS 1806, CB_TX_DATA(7:0) 1808, 
CB_RX_DATA(7:0) 1810, CB_RX_FS 1812. CB_RX_TSS 1814. and CB_TX_SFS 1816 and 
CBJOC_SFS 1818. 

The CB_CLK 1802 signal is a clock having a frequency corresponding to the air 
interface symbol rale and is 1 line. The CB_RX_TSS 1814 is the receive timeslot sync with a single 
dock every timeslot and is 1 line. The CB_RX_FS 1812 is the receive frame sync with a single clock 
pulse frame and is 1 line. The CB RX SFS 1818 is the receive super frame sync with a single dock 
pulse every superframe and is 1 line. The CB_RX_DATA(7:0) 1810 is an 8 bit data cell bus which is 
8 lines. Alternatively, the cell bus could be a 16,24,32, etc bit cell bus. The ceil bus structure could 
be modified accordingly. The CB_TX_TSS 1806 is the transmit timeslot sync with a single dock 
every timeslot and is I line. The CB_TX_FS 1804 is the transmit frame sync with a single clock 
every frame and is 1 line. The CB_TX_SFS 1816 is the transmit super frame sync with a single dock 
every superframe and is one line. And the CB_TX_DATA(7:0) 1808 is the 8 bit transmit data cell 
bus which is 8 lines. Thus; the multi-transport mode cell bus comprises a total of 23 lines and has the 
timing as shown in FIG. 18. 

The multi-transport cell bus is used as a link between the channd and control 
module (CCM) of the indoor units, whether at the hub terminal or the remote terminal, and the SSI 
modules, through which the subscriber interfaces. Advantageously, the multi-transport mode cell bus 
replaces two separate busses for transporting ATM and TDM traffic and combines the intermodule 
communication and the data cells on the same cell bus frame format. 

Data Flow Over the Air Interface 

Referring next to FIG. 19, a flowchart is shown illustrating the inqjor steps 
performed by the paint to multipoint system as shown in the embodiment of FIG. 2 for data flow 
between the indoor units of the hub terminal to the indoor units of the remote terminal. While 
referring to specific steps within FIG. 19, other relevant FIGS, will be referred to. The steps described 
are broad and intended to provide an overview of the data transfer over the communications link of 
the point to multipoint system. 

Both synchronous (TDM) and asynchronous (ATM) traffic (or signals) is routed to 
the SSI modules at the hub terminals of the hub site ftom the central office via the transport network. 
The SSI modules format and multiplex the mixed traffic onto the multi-transport mode cell bus using 
the multi-transport mode bus frame format (Step 1902). The specific techniques used by the SSI 
modules to format and multiplex the mixed traffic into a single format on the multi-transport mode 
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cell but will be described below in the specification, and ate not d e s c ribed for purposes of the this 
flowchart. As stated the multi-transport mode cell bus carries both asynchronous traffic (such as 
ATM) and synchronous traffic (such as TDM) traffic, but in such a manner that the rest of the hub 
terminals and remote terminals are not aware that they are carrying both ATM and TDM cells. Thus, 
5 through the formatting of the data for the multi-transport mode cell bus and mapping the data of the 
multi-transport mode ceil bus for the air interlace frame format, the point to multipoint system 
supports multiple traffic types. 

Continuing on with the process 1900, the bus frame format of the multi-transport 
mode cell bus is converted to the air interface frame format (Step 1904) by removing the intermodule 
10 communications section (IM-Com) and replacing it with a corresponding overhead section for the air 
interface frame format The bus controllers as described in FIGS. 9,13, and 14 perform this step. 

The IM-Com section is used by the channel and control module (also referred to as the CCM) of the 
indoor unit at the hub tamiiial to communicate with the specific SSI modules (c.g. the TDM-DS3 SSI 
module and the ATM-OC3C SSI module). The overhead section is used for the CCM of the hub 
15 terminal to communicate with the CCMs of the remote terminals. The bus controller alto converts the 
bus frame format to the air interface frame format by formatting the timeslots of the multi-transport 
mode cell bus to the correct number of air interface bursts. The bus controller also decides whether 
the bursts will be quad bursts or single bursts as described in FIGS. 7A and 7B. 

Once formatted to the air interface frame format (Step 1904), the signals are 
2 0 modulated on a burst-by-burst basis using one of three available modulation modes (Step 1906) as 

describe d above. Advantageously, this enables a single hub terminal (sector radio) to communicate 
with each of the remote terminals within its particular sector, regardless of the region that the remote 
terminal is located in. This also provides efficient use of the available bandwidth. Next, the 
(nodulated signals in the sir interface frame format are upconvertcd to the radio frequency of the 
25 communications link (Step 1908). This is described more folly in FIG. 14 in the operation of the IF- 
transceiver section which upconverts the modulated signals to the intermediate frequency at the 
indoor unit, then upconverts again to the microwave radio frequency of the radio communications link 
(i.e. 38 GHz in the embodiment of FIG. 3). 

The signals are then broadcast over the air interface (Step 1910) to all of the remote 
30 terminals using the 12.5 MHz subchannel of the 50 MHz channel. It is important to note that the 
signals traveling over the air interface are both synchronous signals (c.g. TDM) and asynchronous 
signals (e.g. ATM) carried within the same air interface frame format. Furthermore, the air interface 
bursts are differently modulated so (hat, essentially, three different streams of traffic are created. Each 
traffic stream is modulated using QPSK, 16-QAM. and 64-QAM. The streams modulated by the 
35 higher order modulations (more blts/seoond/Hz), such as 64-QAM, will degrade sooner than the 

signals using a lower order modulation (fewer bits/second/Hz), such as QPSK. Thus the QPSK 
stream will travel farther than the 64-QAM stream. This is a departure from known prior art in 
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which a single sector radio only transmits using one modulation and only carries traffic using a single 
transport mode within the air frame format. Thus, a single hub terminal (sector radio) of this 
embodiment replaces n hub terminals (sector radios) of a prior an point to multipoint system having n 
regions within each sector. 

5 At the remote terminals, the modulated signals are received from the 

communications link (Step 1912). e.g. radio communications link. Note that the remote terminals 
will receive all of the signals on the communications link (that haven't hilly degraded). The received 
signals are then downconverted to baseband signals (Step 1914) to be de m odula t ed. Then, the signals 
on the received air frame are demodulated (Step 1916). The signals are demodulated on a buret-by- 
10 bum basis using the same multi-modulation modem that modulated the signals at the hub terminal; 
however, the multi-modulation modem is configured to only demodulate the specific traffic bursts that 
the pa r ticula r remote terminal is configured to demodulate. For example, a remote terminal located in 
the closest region to the hub terminal will demodulate the QPSK modulated overhead bursts and only 
the 64-QAM modulated traffic bursts, not the 16-QAM or QPSK modulated traffic burets. Note that 
15 all remote terminals will demodulate the overhead bursts modulated using QPSK. In this 

embodiment, 64-QAM is the highest order modulation, but the modulations am not limited to the 
specific modulations described. 

Once the signals are demodulated according to the pre-configuration of the remote 
terminal, the signals on the air interlace frame format are convened to the bus frame format of the 
20 multi-transport mode cell bus (Step 1918). This is accomplished at the bus controller of the CCM of 
the indoor unit. The overhead section of the air interface frame format is removed and the IM-Com 
section of the bus frame format is added. Additionally, the bursts of the air interlace frame format are 
mapped over to the corresponding timeslots of the bus frame format of the multi-transport mode oell 
bus. Finally, the traffic on the multi-transport mode cell bus is transmitted to the SSI modules (Step 
25 1920) so that the SSI modules can son out the mixed traffic to be forwarded to the appropriate 

subscribers. The data flow in the reverse direction is simply the opposite as described in Steps 1902 
through 1920. 

Service Specific Interface Modules 

3 0 The point to multipoint system allows many standard interfaces for the subscriber 

specific needs, such as TDM-OS3 SSI modules, ATM-OCJc SSI modules, and Quad DS1/AALI SSI 
modules, and DS3 Transparent SSI modules, for example. However, each of these standard interfaces 
has to be configured to interface with the multi-traiispon mode ceil bus since it is carrying both 
asynchronous traffic (ATM) and synchronous traffic (TDM). Thus, the SSI modules must be able to 
35 filter the different types of traffic on the multi-transport mode cell bus, so that the correct traffic cells 
can be extracted and forwarded to the subscribers. Furthermore, each of these interlaces must be 
specifica lly designed to format the traffic it is carrying for transmission onto the multi-transport mode 
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cell bos. FIGS. 20 through 25B discuss some of the differing types of SSI modules used in the point 
to multipoint system and the techniques used to interface with the multi-Uansport mode cell bus, as 
well as the techniques used to format traffic for transmission on the multi-transport mode cell bus. 

Referring next to FIG. 20, a block diagram is shown for a Quad DS1/AALI SSI 
S module. The Quad DS1/AAL1 SSI module 2000 contains the multi-transport cell bus 2002 as 
described with reference to FIGS. 13 through 18, a cell control section 2004. an ATM processor 
section 2006, a timing section 2008, a processing section 2010, and a line interface section 2012. The 
cell control section 2004 contains a cell formatter 2014 (also referred to as a signal formatter), 
transmit buffer 2016, receive buffer 2017, control logic 2018, and a PCM interface logic 2020. The 
10 ATM processor section 2006 contains an AAL1 (ATM Adaptation Layer I) SAR 2022 and ATM 
buffer 2024. The timing section 2008 contains a liming logic 2026. The processing section 2010 
contains a microprocessor 2028 and a message buffer 2030. The line interface section 2012 contains 
four Tl/El Gamers 1332, and 4 Tl/El ports 2034. Also shown are several connecting busses 
including a TDM bos 2036, Utopia bus 2038, pulse code modulated bus 2040 (referr e d to as the PCM 
15 bus 2040), and CP bus 2042. 

The Quad DS1/AAL1 SSI module 2000 is a module that allows four T1 lines or El 
lines to interface with the point to multipoint system. The quad DS1/AAL1 SSI module is a dual 
transport mode SSI module, meaning that it can be configured to work in either TDM mode or ATM 
AAL1 mode depending on the subscriber’s preference; thus quad DS1 TDM SSI module or a quad 

2 0 DSKAALl ATM SSI module The data is multiplexed at the DSO level to the DS1 (T1 line) which 

contains 24 DSOs. Prior art quad DS1 TDM SSI module and quad DSI/AAL1 ATM SSI modules 
exist; however, a single prior art quad DS1 TDM SSI module can not be configured to be a quad 
DS1/AAL1 ATM SSI module, as the quad DS1/AAL1 SSI module 2000 can. Additionally, the quad 
DS1/AAL1 SSI modules 2000 used most be configured to interface with a multi-transport mode cell 
25 bus 2002. Once configured to service one of the two data transport types, the Quad DSI/AAL! SSI 
module 2000 handles only that traffic type. Thus, the operation iff the quad DS1/AAL1 SSI module 
2000 will be described in both inodes. Alternatively, the quad DS 1/AAL1 SSI module 2000 could be 
configured to support both traffic types at the same time. 

Operating in ATM mode, the traffic enters the Quad DS1/AAL1 SSI module 2000 

3 0 from the indoor unit of the remote terminal through the multi-transport cell bus 2002 to the cell 

formatter 2014. The multi-transport cell bus 2002 carries traffic that is both ATM and TDM; thus, 
the cell formatter 2014 (which may also be referred to as a bus controller) needs to be able to extract 
the ATM cells while discarding the TDM cells. Additionally, the cell formatter 2014 must be able to 
discern the ATM cells that are des t i n ed for the particular subscriber the SSI module is Interfaced with 
3 5 and unwanted ATM cells. As discussed earlier, the traffic entering the remote terminal from the 
radio or air Interface is in one of three modulation modes. One particular remote terminal only 
demodulates one of the modulation modes for the traffic section of the air interface frame format, so 
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only certain traffic will be received onto the multi-transport mode cell bus 2002. Furthermore, the 
demodulated traffic needs to be split into the comqwnding SSI modules. 

The cell formatter 2014 listens to the configured timeslot of the IM-Ccra section of 
the multi-transport mode ceil bus to copy the proper messaging cell to the message buffer 2030, which 
5 is a dual port RAM. Refer to FIG. 13 to see that each SSI module coupled to the multi-transport mode 
cell bus has a specific timeslot of IM-Com section dedicated for its use. Thus, the all formatter 2014 
only reads that particular timeslot of the IM-Com section. The messaging from the IM-Com odl is 
then routed to the microprocessor 2028 so that the mi cropr ocessor 2028 of the Quad AAL1 SSI 
module 2000 can coo r di n a t e activities with the CCM of the indoor unit The microprocessor 2028 is a 
10 reduced instruction set code (RISC) processor. 

The cell formatter 2014 uses an ATM address filtering technique to determine 
which traffic cells from the CB-Data section of the multi-transport mode odl bus to discard and which 
cells are to be kept The ATM address filtering is described with reference to FIGS. 26-3 IB. The 
VCI lookup table described in FIG. 30 is located in the receive buffer 2017, which is a static RAM. 

15 Ifthe traffic cell contains an AAL1 ATM cell which has been properly filtered as 

discussed in FIGS. 26-3 IB, the AAL1 ATM cell is unpacked from the traffic cell and is routed to the 
AAL1 SAR 2022 (segmentation and reassembly) via the Utopia bus 2036 where the AAL1 ATM cells 
ore converted to serial data streams to be transmitted to the Tl/EI framers 2032. Note that the PCM 
interface logic 2020 is not used in ATM mode. The ATM buffer 2024 (static RAM) is used to buffer 
20 the ATM cells so they can be reassembled in to packets and then sent to the respective Tl/EI framer 
2032 to be framed for transmission on the respective T1 line (or El line) to the subscriber through a 
Tl/EI port 2034. The microprocessor 2028 controls data flow from the Tt/El framers 2032 to the 
cel) formatter 2014 and the AAL1 SAR 2022. 

The data flow is the opposite for traffic entering the Tl/EI ports 2034 and Tl/EI 
25 framers 2032 from the T1 lines (or El fines). The data flows from the Tl/EI framers 2032 U> the 

AAL1 SAR 2022 where the traffic is segmented into ATM cells. That, the ATM cells are sent to the 
cell formatter 2014 via the Utopia bus 2036 to await being multiplexed onto the multi-transport mode 
cell bus 2002. The message buffer 2030 also contains the mapping needed for placing the ATM cells 
onto the multi-transport mode cell bus 2002. 

3 0 Operating in TDM mode, the cells arrive on the multi-transport cell bus 2002, such 

that each timeslot of the multi-transport mode cell bus carries one cell. The cell formatter 2014 
determines which cells to keep from the cell bus 2002. The intermodule communication messages 
(IM-Com) received from the multi-transport cell bus 2002 deliver the timeplan to the cell formatter 
2014 via the message buffer 2030. Thus, the cell formatter 2014 knows which ceils to copy from 
3 5 which timeslots within the multi-transport mode cell bus 2002; thus, only TDM cells destined for its 
p a r t i c u l a r subscribers are copied. The TDM cells are then copied to the receive buffer 2017, which is 
a static RAM, if the TDM cell is a data cell. As the cell formatter 2014 copies the cells, it unpacks 
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them into DSOs (both PCM data and signaling data) as described with reference to the TDM buffering 
in FIGS. 39 through 44B. 

Additionally, the cell formatter 2014 repack! the data into the receive buffer 2017. 
which is a static RAM, based on the cell type, which is further described in FIGS. 40 through 43. The 
S receive buffer 2017 also contains the time plan for mapping the cell bus timeslot to the respective 
Tl/El timeslot. At the correct time, the PCM interface logic 2020 extracts the cur i o-t data (PCM and 
signaling) for each Tl/El line and each timeslot, packs it into DS Is and sends it to the Tl/El framer 
2032 via the PCM bus 2040 where the data is framed for transmission on the Tl/El line. 

The data flow is the opposite for TDM data arriving through the Tl/EI line to the 
10 Quad DS1 SSI module 2000. 

The timing section 2008 the timing logic 2026. The timing logic 2026 

comprises typically a complex programmable logic device (CPLD) and a phase lock loop (PLL). The 
Quad DS1/AAL1 SSI module receives its timing from the multi-transport mode cell bus 2002, which 
was recovered from the timing at the hub terminal, as des c ribed above. Note that not all of the blocks 
15 have been fully described since their operation and Implementation are easily understood to those 

skilled in the art. 

•Note that the Quad DS l MALI SSI module 2100, or any of the other SSI modules 
shown actually contain the multi-transport mode cell bus 2002, but an interface to the multi-transport 
mode cell bus. The multi-transport mode cell bus is shown as a part of the Quad DS1/AAL1 SSI 
20 module 2100 and other SSI modules in FIGS. 22-258 for ease of understanding. Note the cell 

formatter 2014 formats the TDM traffic and the ATM cells into cells for transmission through the 
point to multipoint system and thus, is also rcfbrred to as a signal formatter. The signal formatter Is 
described variously throughout the specification as being in the individual SSI modules as cell 
formatters. However, in other embodiments, the signal formatters could be located in other 

2 5 components of the point to multipoint system, e.g., in the multi-modulation modem or bus controller 

of the hub terminals and remote terminals. Described generically, the signal forms tiers (specifically 
cell formatters) format the different transport mode signals into a format (cells) suitable to be 
transmitted through the point to multipoint system. 

Referring next to FIG. 21. a block diagram is shown of a TDM-DS3 SSI module 

3 0 2100 that is used at the indoor unit of the hub terminal of FIG. 2. The TDM-DS3 SSI module 2100 

contains a cell forma tier 2102 (also referred to as a signal formatter), message buffer 2104, control 
logic 2106, central processing unit (CPU) 2108, processor bus 2110, transmit PCM buffer 2112, 
transmit signaling buffer 2114, receive PCM buffer 2116, receive signaling buffer 2118, PCM 
interface 2120, system busses 2122, octal Tl/El framers 2124, 28 Tl/El lines 2126, an M13 
3 5 multiplexer 2128, transmil/reccivc line intciftcc unit (TX/RX LIU) 2130. loopback 2132. and DS3 
interface 2134. Also shown is the multi-transport mode cell bus 2136. 
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The TDM-DS1 SSI module 2100 is a TDM-based SSI module that is used at each 
hub terminal of the point to multipoint system to interface with the high speed DS3 line to the 
transport network. The TDM-DS3 SSI module 2100 demultiplexes the DS3 line containing 28 Tl/El 
lines (28 DSli) down to the DSO level to interface with the point to multipoint system. Thus, the 
5 TDM-DS3 SSI module 2100 acts as a 3/1 A) multiplexer. The TDM-DS3 SSI module 2100 is designed 

to handle all of the TDM traffic to and from the point to multipoint system while the OC3c ATM SSI 
module (see FIG. 22) Is designed to handle all of the ATM traffic to and ftem the point to multi point 
system. 

As signals are received from the multi-transport cell bos 2136, the cell formatter 
10 2102 it i n st r u c ted which cells to copy from the multi-transport mode cell bus through intermodule 

co mm u n i cation messaging (IM-Com) between the CPU ami the COM of the hub indoor unit of the 
hub terminal. In this case, the cell formatter 2102 keeps the TDM cells and throws out the ATM 
cells. The cell formatter 2102 also copies appropriate IM-Com cells to the message buffer 2104 
(which is dual port RAM) for the CPU 2108. The TDM cells are unpacked into PCM data (or PCM 
15 samples) and signaling. The PCM data is stored in the receive PCM buffer 2116 while the signaling, 
such as call associated signaling (CAS), is stored in the receive signaling buffer 2118. 

As described in FIGS. 29 and 39, each TDM cdt is unpacked to both the receive 
PCM buffer 2116 and the receive signaling buffer 2118 since the TDM cell contains both PCM data 
and signaling data. The buffers (2116.2118.2112, and 2114) are all dual port random access 
20 memories (also referred to as DPRAMs). Also note that the four huffers (2112.2114, 2116, and 

2118) can be part of the same memoiy structure as described in FIG. 39. 

The TDM cells are further unpacked according to which cell type is used as 
described in FIGS. 41-43. 

The PCM interface 2120 then packs the PCM data in the receive PCM buffer 2116 
25 and receive signaling buffer 2118 into DS Is which arc then sent, via system busses 2122 (PCM 
busses), to the octal Tl/El framers 2124 to be flamed as a T1 or El. The PCM interface 2120 
comprises custom logic specifically designed for the TDM-DS3 SSI module 2100. The 28 Tl/El lines 
2126 are then multiplexed on to the DS3 line by the M13 multiplexer 2128. TheMI3 multiplexer 
2128 is a standard DS3 to DS1 multiplexer. The TX/RX LIU 2130 interfaces with the DS3 line at the 
30 DS3 line interface 2134. The CPU 2108 possesses the necessary logic lo control the TDM-DS3 SSI 
module 2100 through the processor bus 2110. The loopback 2132 is used for testing purposes. 
Additionally, the timing for the TDM-DS3 SSI module 2100 is recovered from the multi-transport 
mode cell bus 2136. 

The data flow in the direction from the direction of the transport network to the 
35 multi-transport mode cell bus 2136 is simply (he opposite. The DS3 line is multiplexed into DSls by 
the M13 mu l tiplexer 2128. The framing is removed from the DSls by the octal Tl/El framers 2124 
then the PCM interface 2120 unpacks the DS Is to DSOs which are sent to the transmit PCM buffer 
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2112 (to PCM data) or the transmit signaling buffer 2114 <for signaling). The cell formatter 2102 
then packs the DSOs into the specially designed TDM cells described in FIG. 29 and 41-43 which are 
multiplexed onto the multi-transport mode odl bus 2136. 

Furthermore, the ceil formatter 2102 places an ATM header, a virtual path identifier 
5 (VPD in the header section of the TDM cell. This Is described in more detail in FIG. 29. This 
enables the ATM formatter of the ATM-based SSI modules at the remote ter minal to be able to 
di s ti n guis h between the ATM cells and the TDM cells received from the mixed traffic input (i.e. the 
multi-transport mode bus). Alternatively, the ATM cells and TDM cells can further be distinguished 
using a timeplan. However, this is much more time consuming and cumbersome, requiring more 
10 messaging. 

The cell formatter 2102 also formats the TDM cells depending on the cell type and 
acceptabl e delay as described in FIGS. 41 through 43. Again, not all of the functional blocks have 
been fUlly described since the skilled artist understands their implementation and use. 

Referring next to FIG. 22, a block diagram is shown for an ATM-OC3C SSI module 
15 that may be used in the remote terminal or hub terminal of the point to multipoint system shown in 
the embodiment of FIG. 2. The ATM-OC3c SSI module 2200 contains an OC3C port 2202, DS3c 
port 2204, optical transceiver 2206, DS3 line interface unit (LIU) 2208, Phy 2210, an ATM line and 
buffer manager 2211 (hereinafter referred to as the ALBM 2211). cell processor 2212. cell processor 
buffer 2214. buffer manager 2216, buffer manager buffer 2218. Utopia II bus 2220. uP bus 2222, 

20 ATM formatter 2224 (also referred to genetically as a signal formatter! formatter buffer 2226, PCI 

bridge 22Z8, AAL5 SAR 2230, PCI bus 2232, central processing unit (CPU) 2234, and multi- 
transport mode cell bus 2236. 

The OC3c port 2202 is coupled to the optical transceiver 2206 which is coupled to a 
Phy 2210. The Phy 2210 is coupled to a cell processor 2212 via a Utopia II bus 2220. Alternatively, a 
25 DS3c port 2204 is coupled to a DS3 LIU 2208 which is coupled to a Phy 2210. The Phy 2210 in the 
DS3c configuration is then coupled to both the cell processor 2212 via the Utopia n bus 2220 and also 
coupled to the uP bus 2222. 

Additionally, the ATM-OC3c SSI module 2200 could be configured to support 
multiple subchannels instead of one subchannel (12.3 MHz). This requires a separate ATM formatter 
30 2224 for each subchannel as described in FIG. 26. 

The cell processor 2212 is coupled to the uP bus 2222, cell processor buffer 2214, 
and the buffer manager 2216. The buffer manager 2216 is coupled to the uP bus. and buffer manager 
buffer 221& The uP bus 2222 is also coupled to an ATM formatter 2224 and PCI bridge 2228. The 
ATM formatter 2224 is coupled to the formatter buffer 2226, Utopia II bus 2220. and the multi- 
3 5 transport mode cell bus 2236. The ATM formatter 2224 it coupled to the AAL5 SAR 2230 via the 
Utopia II bus 2220. The CPU 2234 is coupled to the AAL3 SAR 2230 and the PCI bridge 2228 by a 
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PCI bus 2232. The ALBM 2211 is a standard off-the-shelf ATM chipset containing the cell 
processor 2212, cell processor buffer 2214, buffer manager 2216, and buffer manager buffer 2218. 

In practice, the ATM-OCJc SSI module 2200 is designed to handle all of the ATM 
traffic to and from the point to multipoint system. It may be used at the hub terminal as shown in 
5 FIG. 2 or may be used at the remote terminal depending on the needs of particular subscribers. The 

ATM-OC3C SSI module 2200 can be configured In one of two ways. First, the link to the OOc line 
(133 Mbps) Is a pure stream of high speed cells and interface at the OC3c port 2202. Second, the 
ATM-OC3c SSI module can be configured as a DS3 line operating at 44.736 Mbps, consisting of a 
pure stream of ATM cells. An OC3c line is an optical carrier level 3 concatenated line meaning the 
10 line is one continuous stream of ATM edit and as understood in the ait. Thus, an OC3c 

configuration will contain the OC3c port 2202, optical transedver 2206, and Phy 2210 while the DS3 
configuration will contain the DS3c port 2204, DS3 LIU 2208, and Phy 2210. 

Furthermore, the ATM-Oc3c SSI module uses a standard off-the-shelf ATM chipset 
(the ALBM 2211) which is configured to handle the multiple modulation environment of the point to 
15 multipoint system. The ATM chipset is configured to provide a unique ATM address filtering 

technique and demand assigned multiple access technique as described with reference to FIGS. 26 and 
27. 

Additionally, the ATM-OOc SSI module 2200 has one mode if operating at the 
remote terminal and another mode if operating at the hub terminal. 

20 Operating at the hub terminal, data arrives to the ATM OC3c SSI module 2200 

from the transport network and the central office via an ATM MUX to the OC3c port 2202 and the 
optical transceiver 2206. The Phy 2210, is well known in the ATM art as a device that performs the 
physical layer functions of the ATM chipset 2211. Here, the Phy 2210 is a cell delineator, extracts the 
ATM cells from the frames and sends them to the cell processor 2212 of the ALBM 2211 via the 

2 5 Utopia II bus 2220. The cell processor 2212 then polices the arriving ATM cells according to ATM 

standards. The policing simply checks to sec that the ATM cells are not arriving too quickly. The 
cell processor 2212 has a cell processor buffer 2214. which is a static RAM. Tor buffering the ATM 
cells. The cell processor 2212 forwards the ATM cells to the buffer manager 2216 of the ALBM 2211 
which queues the ATM cells to the buffer manager buffer 2218, which is a static RAM. The buffer 
30 manager 2216 then dequeues the ATM cells according to configured priorities on a per VP/VC 
(virtual path/virtual channel) basis to guarantee the QOS (quality of service). This process is well 
known in the ait The ATM cells are looped back to the buffer manager 2216 and rent to back to the 
cell processor 2212. 

Next the ATM cells are sent to the ATM formatter 2224 via the Utopia II bus 2220. 

3 5 The ATM formatter 2224 performs the queuing functions described in the ATM address filtering 

section (see FIG. 26). The ATM formatter 2224 is cuctom logic that contains several shallow FIFOs 
that each hold ATM cells to be transmitted using one of three modulation modes (also referred to as 
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mo d ul at i on buffers ). The formatter buffer 2226, which is a static RAM, contains the time plan for 
each modulation mode. The ATM formatter 2224 uses the tixncplan to map the ATM cells in the 
correct time slots of the malti-transpon mode ceil bus 2236 so that the cells will be transmitted using 
the proper modulation mode. Thus, the proper remote ter minal will receive the proper ATM cells. 

5 Additionally, the ATM formatter 2224 formats the ATM cells into traffic cells (described in FIGS 16 
and 17. respectively) for transmission on the multi-transport mode cell bus 2236. 

Furthermore, the CPU 2234 is able to cnrnmiinicatr with the channel and control 
module CCM of the bub terminal through intermodule communication slots (IM-Com cells) on the 
multi-transport mode cell bus 2236. The IM-Com cells are placed onto the multi-transport mode cell 
10 bus 2236 by the ATM formatter 2224. The IM-Com cells are sent to and from the CPU 2234 and the 
ATM formatter 2224 via the PCI bus 2232 and PCI bridge 2228. 

The data flow from the hub terminal indoor unit to the ATM-0C3C SSI module 
2200 is simply the reverse. The ATM cells are copied from the multi-transport mode cell bus 2236. 

At the hub terminal, the ATM OC3c SSI module 2200 does not have to perform the ATM address 
15 filtering technique (FIGS. 30-3 IB) since all ATM cells are forwarded to the OC3c line which 
connects to the transport network (backhaul). 

The ATM cells are carried back to the ALBM 2211. Specifically, the ATM cells are 
sent to the cell processor 2212, buffer manager 2216. then back to the cell processor 2212 and then to 
the Phy 2210 to be framed for transmission and exit the ATM-OC3c SSI module 2200 though either 
20 the optical transceiver or the DS3 line interface unit 2208, depending on the configuration. 

The AAL5 SAR 2230 (segmentation and reassembly) is used for in-band signaling. 
It func tio n s to packet operations, administration, and control (OAM) messages from the element 
management system (EMS) to the hub terminal. The details of the element management system are 
further dimme d with reference to FIGS. 2 and 10. This provides an improved method for the 
25 element management system to communicate with the point to multipoint system. Instead of 

communicating to the hub sites through a wide area network (WAN) and then the LAN of the hub site 
as a conventional element management system does, the element management system can 
communicate with the hub terminals through the backhaul or transport network. Advantageously, no 
separate landlines need to be maintained between the element management system (EMS) et the 
3 0 central office and the individual hub sites. 

Since ATM cells carrying messaging from the EMS at the central office are on the 
same medium, the OC3c line, the control cdls sent by the element management system need to be 
separated from the traffic cells. Additionally, the cell processor 2212 and the buffer manager 2216 
both use the virtual path identifier (VPI) and the virtual channel identifier (VCI) of the cells and 
3 5 determine if any of the cells are control cells destined for the CPU 2234. Control cells are routed to 

the AALS SAR 2230 via the Utopia II bus 2220. The AAL5 SAR 2230 then forms packets of 
messages which are sent to the CPU 2234 via a PCI bus 2232. The padreis are formed according to 
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transmission control protocol/Intemet protocol (TCP/IP). The CPU 2234 ic able to tend signals to the 
ATM formatter 2224, cell processor 2212, and buffer manager 2216 through the PCI bus 2232 
coupled to a PCS bridge 2228, and coupled to the uP bus 2222. 

Operating at the remote terminal, the data is received aver the air from the hub 
5 terminal and is demodulated by the CCM of the indoor unit of the remote terminal. The data is then 

sent as cells on the multi-transport mode cell bus 2236 to interlace with the ATM-OOc SSI module 
2200. The ATM formatter 2224, since at the remote terminal, then performs the ATM address 
filtering process as shown in FIG. 30. 

The ATM address filtering function is different at the ATM-OC3c SSI module 2200 
10 at the remote terminal because the throughput on the ATM-OC3c SSI module 2200 is much higher 
than the throughput of other types of SSI modules used at the remote terminal. The OC3c line sends 
data at 155.52 Mbps (mega bits per second) which is equivalent to about three DS3 lines. Thus, the 
table lookup approach as described with reference to FIGS. 30 and 3 IB Is performed (instead of FIG. 
30 and 31A). 

15 Once an ATM cell is acce p ted using the ATM address filtering techniques described 

in FIGS. 30,31 A, and 31B, the ATM cell is forwarded to the cell processor 2212 via the Utopia II bus 
2220, then sent to the buffer manager 2216 to be queued and dequeued back to the cell processor 2212 
using the buffer manager buffer 2218, which is a static RAM, according to configured priorities on a 
per VPI/VCI basis in order to guarantee quality of service (QOS). The ATM ceils are sent to the Pfay 
20 2210 (cell delineator), then the cells framed and transmitted through the optical transceiver 2206 to 

the OC3c line at the OC3c port 2202. 

At the remote terminal, the data flow from the subscriber to the ATM OC3c SSI 
module 2200 is the same as done at the hub terminal Cram the OC3c line to the hub terminal The 
major difference is the number of modulation buffers within the ATM formatter 2224, since the 
25 remote terminal will only transmit using one modulation and not the full range of modulation modes 
that the hub terminal uses. 

The components of the ATM-OOc SSI module 2200 and their flinctianality are 
understood to those skilled in the art. The ALBM 2211 is an off-Uie-shetf ATM chipset known in the 
art. Not all of the functional blocks have been fblly described since their operation and 
3 0 implementation is understood to the skilled artist 

Referring next to FIG. 23, a functional block diagram is shown for a DS3 
transparent SSI module. The DS3 transparent SSI module 2300 contains the multi-transport mode 
cell bns 2302, a cell formatter 2304 (signal formatter), buffer 2306, byte-stuffer 2308, Jitter attenuator 
2312. central processing unit 2310 (CPU), a DS3 line interface unit 2314, and a DS3 line 2316. 

3 5 The multi-transport mode cell bus 2302 is coupled to the cell formatter 2304 and the 

CPU 2310. The cell formatter is coupled to the buffer 2306 and the byte-ctuffer 2308. The byte- 
stuffer 2308 isooupled to the jitter attenuator 2312 and the DS3 line interface unit 2314. The jitter 
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attenuator 2312 is coupled to the DS3 line interface unit 2314 which is coupled to the DS3 line 2316. 
The CPU 2310 is coupled to the DS3 line interface unit 2314. the byte-stuffcr 2308, and the cell 
formatter 2304. 

In practice, the DS3 transparent SSI module 2300 is not specifically ATM-based or 
5 TDM-based and is used to provide point to point links within the point to multipoint system. Thus, 
the DS3 transparent SSI module 2300 is used when the subscriber requires the entire channel 
bandwidth (e.g. 12.3 MHz) of the bid* terminal radio sector. The DS3 transparent SSI module 2300 
may carry asynchronous traffic (such as ATM) or synchronous traffic (such as TDM); however, the 
specific traffic type is irrelevant to the DS3 transparent SSI module 2300. The data is simply carried 
10 through the point to multipoint system without concern for the specific type of data. The received bits 
are routed from one point (the DS3 line 2316 at the hub terminal) to another point (a subscriber 
coupled to the DS3 line 2316 at the remote terminal, for example) regardless of the framing used and 
control bits present. 

Prior art point to point links are common: however, a point to point communications 
15 link within a point to multipoint system is unique to this embodiment of the present invention and 

departs from known prior art. In order to accomplish this transport, a DS3 transparent SSI module 
2300 is needed at the indoor unit of the hub terminal and a matching DS3 transparent SSI module 
2300 is needed at the c o rresp on ding indoor unit of the corresponding remote terminal. 

As the serial line data comes from the DS3 line 2316 through the DS3 line Interface 
20 unit 2314, the data goes to the byte-suffer 2308. The byte-stufler 2308 is similar to a bit-stuffer as 
known in the ait of telecommunications, e xcept that it buffers bits into bytes instead of simply 
buffering bits. The byte-stuffer 2308 collects the bits that come from the DS3 line 2316 and forms 
bytes and buffers the bytes to the cell formatter 2304 which packs the bytes into the data cells to be 
transmitted on the multi-transport cdl bus 2302. The byte stuffer 2308 and the cell formatter 2304 

2 5 adapt the tuning of the DS3 line to the timing or timebase of the multi-transport mode cell bus 2302 

and the point to multipoint system. The data cells formed for the multi-transport mode cell bus are 
the same 33 byte data cells 1704 designed to fit in the traffic cell 1700 as shown in FIG. 17. The data 
cells formatted by the cell formatter 2304 of DS3 transparent SSI module 2300 are different than the 
ATM ceils and TDM ceils formatted by the other SSI modules which are described with reference to 

3 0 FIGS. 28 and 29. Thus, features of the data cells formed by the DS3 transparent SSI module 2300 

will be briefly discussed. 

Referring concurrently to FIG. 24, a diagram of a data cell 2400 is shown that is 
formed by the DS3 transparent SSI module 2300 in (he embodiment of FIG. 23. The data cell 2400 is 
33 bytes in length and contains a header section 2402 and a traffic section 2404. The header section 
33 2402 is 1 byte and Includes a control byte 2406. The data cell 2400 is advantageously, the same size 

as the ATM cell of FIG. 28 and the TDM ceil of FIG. 29. Thus, the data cell 2400 conveniently fits 
within the CB-Data section of the multi-transport mode cell bus 2302. The main difference between 
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the data cell 2400 and those shown in FIGS. 28 and 29 is that the header section 2402 is only 1 byte 
in length, leaving the traffic section 2404 to include 32 bytes instead of 48 bytes as shown in FIGS. 28 
and 29. Since, the communications link is a point to point link, the traffic section 2404 is maximized 
within the S3 byte cell size. 

5 The number of bytes packed Into the traffic section 2404 of the data cell 2400 varies 

as a function of the frequency difference between the DS3 line 2316 and the clock rate of the multi- 
transpoit mode cell bus 2302. For example, the DS3 line operates at 44.736 Mbps. If the clock rate 
of the multi-transport mode cell bus is 10 Mbps, the bus frame format is 6 nsec, and there are 684 
timeslots holding 83 byte traffic ceils on the multi-transport mode cell bus 2302 (see FIGS. 13 and 
10 17), then a specified number (e.g. 648) of data cells 2400 will have 49 bytes in the traffic section 

2404, a s peci fi ed number (e.g. 33) of data cells 2400 will contain 30 bytes in the traffic section 2404, 
and the remaining number (c.g. 3) of data cells 2400 will have a variable number of bytes (e.g. 49, SO. 
or 31 bytes) within the traffic section 2404. Thus, in order to match the line rate of the DS3 lie* 

2316, the cell formatter 2304 packs a different number of bytes into the traffic section 2404 of the data 
15 ceil 2400. 

In the example above, the cell formatter 2304 is configured by software to know 
which data ceils 2400 contain 49 bytes and which bytes contain 30 bytes; however, the three 
remaining data ceils 2400 contain a variable number of bytes (cither 49. 30, or 31) depending on the 
line rate of the individual DS3 line 2316. If the DS3 line 2316 is ‘fast*, there will be more bytes in 
20 the byte-stufibr 2308, and the remaining three data cells 2400 will contain 31 bytes. If theDS3 line 
2316 Is ‘slow*, then the remaining three variable data cells 2400 will contain 49 bytes. If the DS3 
line 2316 is about as ex p ected, then the remaining three variable data cells 2400 will contain 30 bytes. 
The control byte 2406 added by the cell formatter 2304 in order to indicate to the receiving D53 
transparent SSI module 2300 (c.g at the remote terminal) how many bytes are contained within the 
25 traffic section 2404 of the remaining variable data cells 2400. The buffer 2306 is n wd for messaging 
between the CPU 2310 and the channel and control module of the indoor unit. 

Once the data cells 2400 are placed on the multi-transport mode cell bus 2302 by the 
cell formatter 2304, the data cells 2400 are sent over the air interface as a quad burst having a 
structure as shown in FIG. 7A. The quad bursts are received at tbe remote terminals, which route the 
3 0 cells to the corresponding DS3 transparent SSI module 2300 of the remote terminal. 

At the remote terminal, the data cells 2400 arrive on the multi-transport mode t«il 
bus 2302 at the cell formatter 2304 where the data bytes are unpacked from the data cells 2400. The 
cell formatter is configured by software to know which data cells 2400 contain the how many bytes, 
except for the remai n i n g variable data cells 2400, which contain a variable number of data bytes due 
35 to the fine of the DS3 fine at the sending DS3 transparent SSI module 2300. The control byte 2406 
supplies this information to the cell formatter 2304. 
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Additionally, as stated above, the DS3 transparent SSI module 2300 assigns the 
control byte 2406 to indicate whether the remaining data cells 2400 contain 49, SO, or 31 bytes in 
their r espect i ve traffic section 2404. This practice is done in prior ait DS3 transparent SSI modules in 
point to point links; however, at the receiving end, the matching DS3 transparent SSI module must 
5 read the control byte of every data cell to determine the number of bytes contained within the traffic 

section 2404 of the data cell 2400. 

Advantageously, the present embodiment is configured, e.g in 64-QAM mode; cuch 
that out of 171 64-QAM quad bursts within a 6 msec air interface frame format (an example of FIG. 
3), there are only 3 possible data cells 2400 that could have a variable number of data bytes (e.g. 49, 
10 30, or 51). Those 3 data cells 2400 are located In the last 3 data fields of the last 64-QAM quad burst 

as shown in FIG. 7A (i.e. quad burst 6171): data field 2 704. data field 3 704, and data field 4 704. 
and get translated to the last three timeslots on die multi-transport mode cell bus 2302. This is due to 
the clock speed of the point to multipoint system, the length of the air frame format, the length of the 
data fields of the quad bunts, and the rate of which the byle-stuffcr 2308 operates. Thus, 

15 advantageously, the cell formatter 2304 at the receiving DS3 transparent S5I module 2300 only has to 
read the control byte 2406 of the last three data fields 704 of the last quad burst, not the control bytes 
2406 of all data cells 2400 received as conventional DS3 transparent SSI modules da This feature 
reduces the processing requirements and improves the throughput of the DS3 transparent SSI module 
1800. Furthermore, due to the unique size of the traffic section 2404 of the data cell 2400 

20 and that only the last three control bytes 2406 are read, only the two (east significant bits in each 

control byte 2406 need to be read by the cell formatter 2304. The number of remaining data cells 
2400 that have a variable length is derived from the worst case clock offsets (e.g 89 parts per million) 
between the clock of the multi-transport mode cell bus 2302 and the dock of the DS3 line 2316. This 
greatly reduces the processing the cell formatter has to do for each received data cell 2400. 

25 As the bytes arc unpacked to the byte-stuffcr 2308, a variable number of bytes are 

received into byte-stuffcr 2308 to be output to the DS3 line 2316, which creates a clock delay. Thus, 
the Jitter attenuator 2312, which comprises a FIFO (first in first out) and a phase locked loop (PLL), 
buffets the bytes for transmission on the DS3 line 2316. It stores the bits and transmits them onto the 
DS3 line 2316 at the average clock rate that the data bytes are received into the DS3 transparent SSI 
30 module 2300. Thus, the bits leaving the jitter attenuator 2312 leave at a constant rate, not effected by 
the potential taop and go clocking created when a received data cell 2400 contains a variable number 
of bytes. Thus, the timing of the signals from the point to multipoint system is adapted back to the 
timing of the incoming DS3 line 2316 at the remote terminal. 

The data buffered in the FIFO of the jitter attenuator 2312 is sent due to clock edges 
33 Horn the PLL of the jitter attenuator 2312. The PLL is locked to a reference (le. clock) supplied by 

the cell formatter 2304. The use of a PLL is known; however, the use of a PLL in order to reduce 
jitter is unique to this embodiment of the present invention. 
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The number of bytes in the FIFO cause the reference to adjust, if necessary. 
Adjustments are nude periodically by lengthening or shortening the reference to the PLL. The 
adjustment is depen d e n t on the number of bytes in the FIFO of the jitter attenuator 2312 and the 
control byte 2406. The number of bytes in the FIFO control Lhe polarity of the adjustment. For 
5 example, less than the expected number of bytes (e g. 49). causes the reference to decrease, and more 
than the expected number of bytes (e.g. 31) causes the reference to increase The control bytes 2406 
of the remaining number of variable data cells 2400 dictates the adjustment to the reference. Thus, 
the rate of change at which bytes are output from the jitter attenuator 2316 is, in effect, limited; thus, 
reducing jitter on the output dock to the DS3 lino input unit 2314 and DS3 lino 2316. 

10 Note that the data flow from the remote terminal beck to the hub terminal is the 

same except reversed. Furthermore, the data transfer occurs simultaneously from the hub terminal to 
the remote terminal and from the remote tenninal to the hub terminal. All of the components used 
are understood to those skilled in the an; thus, no Anther explanation Is needed. 

is Midli.-Tramwl>lglte SSLMsMa 

Referring next to FIG. 23A and 23B, a block diagram is shown for a multi-transport 
mode SSI module that is used in the remote terminal shown in FIG. 2. The multi-transport mode SSI 
module 2300 handles both synchronous traffic (TDM) and asynchronous traffic (ATM) and contains 
the multi-transport mode cell bus 2302. TDM cell formatter 2304 (TOM signal formatter), ATM odl 

20 formatter 2306 (ATM signal formatter), message buffer 2308, ATM limeplin and filter memory 2310. 
receive buffer 2312, transmit buffer 2314, PCM buffer controller 2316, PCM serial bus 2318, first 
utopia I bos 2320, second utopia I bus 2321, input/output (10) bus 2522, AALS SAR 2324, AAL5 
buffer 2526, AAL1 SAR 2528, AALl buffer 2530, central processing unit (CPU) 2332, PCI bridge 
2538, PCI bus 2340, high-level data link control (HDLC) controller 2542, ROM bos 2344, Frame 

2 5 Relay serial bus 2546, CES serial bus 2548, LAN controller 2550 (shown in FIG. 25B for molti- 

transport m ode SSI module 2501), liming multiplexer 1952. Tl/El framers 2334. 

The multi-transport mode cell bus 2502 Is coupled to TDM cell formatter 2304 and 
the ATM cell formatter 2306. The TDM cell formatter 2304 is coupled to message buffer 2308,10 
bos 2522, receive buffer 2312, transmit buffer 2514, and PCM buffer controller 2316. The PCM 

3 0 buffer controller 2516 is coupled to the timing multiplexer 2532 via a PCM serial bus 2518, and the 

■ ROM bus 2344. The ATM cell formatter 2306 is coupled to the ATM timcplan and filter memoiy 
2510, and 10 bus 2522. The AALl SAR 2528 and the AAL5 buffer 2526 are coupled to the ATM cell 
formatter via the first utopia I bus 2320 and the second utopia I bus 2521, respectively. The AALl 
SAR 2328 is coupled to the AALl buffer 2330 and the timing multiplexer 2352 via the CES serial bis 

35 2348. The AAL5 SAR 2524 is coupled to the AALS buffer 2326 and the PCI boa 2340. The PCI bus 

2540 is coupled to the IO bus 2322 via the PCI bridge 2338, CPU 2532, the HDLC controller 2542. 
and the LAN controllers 2530 (for the multi-transport mode SSI module 2301 in FIG. 25B). The 
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HDLC controller 2542 couples to the timing multiplexer 2552 via a frame relay serial bus 2546. The 
timing multiplexer 2552 also couples to the Tl/El framers 2554. 

In practice, the multi-transport mode SSI module 2500 (also ref er red to as the 
universal SSI module), has the ability to handle both asynchronous traffic (such as ATM) and 
5 synchronous traffic (such as TDM) an the same card (SSI module). This feature is a departure Cron 

the prior art wherein SSI modules only handle either one transport mark or the other. 

Additionally, the multi-transport mode SSI module 2500 is different than the 
previous SSI modules described above since, again, they only handle one traffic type or the other. 
However, like the multi-transport mode SSI module 2500, the SSI modules described above still must 
10 be able to interface with the multi-transport mode cell bus and property format the data cells for 
transmission on the celt bus. Thus, the multi-transport mode SSI module 2500 is provided for 
subscribers who require both TDM and ATM services horn the same card. It has eight Tl/El 
interfaces 2554 in FIG. 25A and 4 Tl/El Interfaces 2554 and 4 LAN controllers 2550 Tor the multi¬ 
transport mode SSI module 2501 in FIG. 25B, but could be altered in manufacturing cased upon 
15 specific needs. Therefore, advantageously, the DSOs of a Tl/El line can be transported in TDM mode 
or ATM (AALI or AAL5) mode selected on a per line basis. The data traffic is transported in TDM 
or ATM (AAL-l/AAL-5) for the Tl/El interface (Tl/El framer 2554) or ATM (AAL-5) for the LAN 
interface (LAN controller 2550). 

The ATM and TDM traffic is received by the multi-transport mode SSI module 
20 2500 through the multi-transport mode cell bus 2502. Since the traffic on the cell bus 2502 rontam* 

IM-Com ceils Including messages, and CB-Data edit including TDM and ATM cells; thus, the multi¬ 
transport mode SSI module 2500 must be able to sort the mixed traffic apart. There are two 
controllers (cell formatters) at the interface with the multi-transport mode ceil bus 2502: the TDM cell 
formatter 2504 and the ATM cell formatter 2506. The TDM cell formatter 2504 is told which 
25 timeslots that it needs to listen to by reading the timcplan in the message buffer 2508, which is a dual 
port RAM. provided through the IM-Com messaging, so that it may copy the proper TDM coils from 
the cell bus 2502, and not unwanted TDM cells or ATM cells. The ATM cell formatter 2506 uses the 
ATM address filtering technique described in FIGS. 30-3 IB to extract only the ATM cells that are 
destined for the subscriber. 

3 0 The TDM cell formatter 2504, which is custom logic, reads the time plan memory 

contained in the message buffer 2508 (e.g. 8k X 8 dual port RAM) on every overhead timeslot of the 
multi-transport mode TDM cell bus 2502 (see FIG. 15). If enabled, the TDM cell formatter 2504 
copies the IM-Com cell to the message buffer 2508, which is routed to the CPU 2532 through the lO 
bus 2522, PCI bridge 2538. and PCI bus 2540. The intermodule communication messages (hum the 
3 5 IM-Com section) provide the means for the channel and control module of the indoor unit to 
communicate with the multi-transport mode SSI module 2500. 
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For TDM traffic. The TDM cell formatter 2504 reads the lime plan memory from 
the message buffer 2508 on to the data cells. If a cell is enabled, it is copied to an internal fifo (first in 
first out). The destination buffer address is read from the time plan memory and the cell is copied to 
the receive buffer 2512 (c.g. 32k X 32 synchronous static RAM) to be sctU the PCM buffer controller 
5 2516. Tbc TDM cell formatter 2504 unpacks the specially formatted TDM ceils (see FIGS. 29 and 

41*43) into DSOs which include both PCM data and signaling data, such as call associated signaling 
(CAS). As will be des cr ibe d In FIG. 29. prior ait TDM cells only contain PCM data or signaling data, 
not both data within the same TDM cell. 

The TDM cell formatter 2504 further uses TDM buffering techniques which unpack 
10 the cells using a PCM mapping control structure (PMCS) contained in the message buffer 2508 
according to the specific type of TDM cell. This TDM buffering is described more ftilty with 
reference to FIGS. 39 through 44B. 

The PCM buffer controller 2516 extracts the DSOs (PCM data and CAS bits) from 
the receive buffer 2512 and packs the DSOs into Tl/Els (or DS is). Thus, the PCM buffer controller 
15 2516 converts the byte-serial data streams into 2 bit-serial data streams, one for PCM data and one for 

signaling, for the timing multiplexer 2552. The TDM cell formatter 2504, receive buffer 2512, and 
the PCM buffer controller 2516 function as a cross port switch. Advantageously, this function allows 
any timeslot from the cell bus 2502 to be mapped to any timeslot in any Tl/EI line. The PCM buffer 
controller 2516 is custom logic to allow for design flexibility. The timing multiplexer 2552 (timing 
2 0 mux) multiplexes the DS 1 data and signaling streams from the PCM buffer controller 2516, via the 

PCM serial bus 2518, into one of the Tl/El framers 2534 to be framed for transmission through one 
of the T1 lines. The Tl/El framers 2354 insert the signaling into the output of the Tl/El line. The 
TI framers 2554 support standard framing such as extended super frame (ESF). Note that the timing 
for the multi-transport mode SSI module 2500 is received from the multi-transport mode cell bus 

2 5 2502, which, in turn, was recovered from the timing sent by the hub terminal. The timing is further 

discussed in FIGS. 13 and 14. 

The data flow is just the opposite coming from the Tl/El line to the multi-transport 
mode SSI module 2500 and to the multi-transport mode cell bus 2502. The framing is removed and 
the signaling is extracted by the Tl/El framers 2554 from the DS Is. The timing multiplexer 2552 
30 multiplexes the DSls to the PCM buffer oomroller 2516. The PCM buffer controller 2516 unpacks 
the DSls into DSOs, i.e. PCM data and signaling data, then copies the DSOs to the transmit buffer 
2514 (e.g. 32k X 32 SRAM) according to the TDM buffering described in FIG. 39. The transmit 
buffer 2514 behaves the same as the receive buffer 2512, only in the other direction. The TDM cell 
formatter 2504 packs the DSOs into specially designed TDM cells or FIGS. 29.41.42. and 43 to be 

3 S transmitted onto the multi-transport mode cell bus 2502 at the appropriate time according the 

timeplan stored in the message buffer 2508. The TDM cell formatter 2504 packs the DSOs into 
different cell types to minimize delay depending on the data being sent using a PCM mapping control 


- 65 - 



( 151 ) @12 0 0 0-5 94-5 3 

structure (PCMS) within the message buffer 3508. (see FIGS. 39 through 44B discussing i'LiM - - 
buffering). Once the cells are on the multi-transport mode cell bus 2302. theyare modulated and . 
carried, by the remote terminal, over the air ioterhoe (radio interface) to the hub terminal as discussed 
above. 

5 For ATM traffic; the ATM cell formatter 2506 uses the ATM address filtering 

technique described with FIGS. 30-31A in order to distinguish the ATM cells ftom the TDM cells on 
the multi-transport mode «v*ii bus 2502, and to further distinguish the ATM ceils destined for the 
subscriber and the ATM cells that am to be discarded. The ATM address filtering technique also 
distinguishes between AAL1 and AAL5 cells. The ATM timeplan and filter memory 2510, which a 
10 RAM, contains the necessary ATM address filtering lookup tables described in FIGS. 30-31 A. The 

ATM timeplan and filter memory 2510 also contains the time plan for inserting ATM cells back onto 
the multi-transport mode cell bus 2502. The fact that the ATM formatter 2506 uses a umephm to 
map ATM cells onto a cell bus is a departure from a prior art ATM-based SSI module. Typically, 

ATM cells are multiplexed onto a bus as they arrive without regard for a specific timeslot assignment, 

15 since the ATM ceils are routed according to header information. Tbit feature applies to all of the 
ATM-based SSI modules described herein. 

Once an ATM cell is accepted, the AAL1 cells, such as circuit emulation service 
(CES), are copied to the AAL1 SAR 2528 (segmentation and reassembly), via a first utopia 1 bus 
2520, while the AALS cells, such as frame relay cells, are copied to the AALS SAR 2524. via a 
20 second utopia I bus 2521. Both the AAL1 SAR 2526 and the AALS SAR 2528 use the AAL1 buffer 

2530 and AALS buffer 2526, respectively, to pack the ATM cells into packets to be sent through the 
TI/E1 line. The AALI buffer 2530 and the AALS buffer 2526 are both static RAMS. The AAL1 
[u tl<i«» contain CES and CAS signaling and are multiplexed to the liming multiplexer 2552 through 
the CES serial bus 2548. The AALI SAR 2528 supports up to 256 bi-directional CES + CAS 
25 channels to be assigned to individual timeslots within a maximum of 8 Tl/E (lines. For unframed, 
uochannelized links, the AALI SAR 2528 supports up to 8 bi-directional CES channels within 8 
Tl/El lines. The AALI SAR 2528 also supports synchronous residual time stamp (SRTS) for 
unchannellzed, unfiamed T1 links. 

The AAL5 SAR 2524 converts the ATM cells to frame relay packets to be cent, via a 
3 0 PCI bus 2540, to an HDLC (high-level data link control) controller 2542 where the frame relay 

packets are sent to the timing multiplexer 2552, via a frame relay serial bus 2546. For channelized 
links, the HDLC controller 2542 supports up to 128 bi-directional HDLC channels within 8 Tl/El 
lines. For unchannelized links, the HDLC controller 2542 supports up to 8 bi-directional HDLC 
channels within 8 Tl/El lines. The frame relay packets are multiplexed by the timing mux 2552 to 
35 the Tl/El framers 2554 to be framed for transmission through one of the Tl/El lines. 

For ATM traffic from the Tl/El line imo the multi-transport mode SSI module 
2500, the timing multiplexer 2552 sends the CES packets to the AALI SAR 2528 for AALI traffic. 
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The timing multiplexer 2552 tends frame relay traffic (AALS) to the HDLC controller 2542 which 
manages the different channels. The frame relay pa cket s then go to the AALS SAR 2524 to be 
unpacked into ATM cells. The ATM ceils go to the ATM cell formatter 2506 from either the AAL1 
SAR 2528 via the first utopia 1 bus 2520 or from the AALS SAR 2524 via the second utopia I bus 
5 2521. The ATM tlmeplan and filter memory 2510 contains the lime plan for copying ATM cells to 

the multi-uanspcwf mode cell bus 2502. The ATM cell formatter 2506 does not have access to the 
intermodule communication timeslots (IM-Com) of the cell bur. Only the TDM cell formatter 2504 
formats the IM-Com timeslots in this embodiment Note that the cells from the AAL1 SAR 2528 are 
forwarded to the multi-transport mode cell bus at a higher priority than those from the AAL5 SAR 
10 2524, since the AAJL1 cells are more delay sensitive. 

As shown in FIG. 25B, the rmdti-transport mode SSI module 2501, alternatively, 
has four T1 line interfaces 2554 and four LAN controllers 2550. The LAN controllers 2550 supports 
10/lOObase-T connections to an Ethernet network. This is provided to support subscribers requiring 
mere bandwidth than a Tl line provides. The LAN controller 2550 controls the flow of 10/100hase-T 
15 traffic to and from the AAL5 SAR 2524. 

Note that not all of the functional components iff the multi-transport mode SSI 
modules 2500 and 2501 have been fully described. Such components, and their implementation, are 
known to those skilled in the ait; thus, no further explanation is needed. 

Furthermore, since any timeslot from the multi-transport mode cell bus 2502 can be 
20 mapped to any DSO of the Tl/El line, and since the timing multiplexer 2552 multiplexes both ATM 
prtnn amt TDM pa c ket s. a single Tl line (or El tine) can be broken down by DSOs. For example, 
the first five DSOs (out of 24 DSOs in a Tl line) can be used for AALS traffic (frame relay), while the 
next 10 DSOs are used for AAL1, and last nine DSOs can be used for TDM traffic. Advantageously, 
this provides the subscribers with great flexibility in channel assignment. 

25 

ATM Address Filtering 

Referring next to FIG. 26. a block diagram is shown that Illustrates an ATM address 
filtering technique, performed by an ATM switch 2600 of the ATMOC3C SSI module as ATM traffic 
enters the point to multipoint system iff FIG. 2 at the hub terminal. In addition, FIG. 27, which is a 
3 0 flowchart illustrating the steps involved in the ATM address filtering technique associated with FIG. 

26. Thus, the steps in FIG. 27 will be referred to while discussing FIG. 26. Shown in FIG. 26 is the 
ATM switch 2600 configured for a multi-modulation environment containing a backhaul line 2602, 
Phy 2604, ATM line and buffer manager 2606 (hereinafter referred to as the ALBM 2606), Utopia D 
bus 2608. AIM formatter 2610. n modulation buffers 2612. the multi-transport mode cell bus 2614, 

3 5 and timeplan/modulaiion lookup table 2616. 

For the ATM switch 2600, the backhaul line 2602 is connected to the Phy 2604. A 
Utopia II bus 2608 couples the Phy 2604 to the ALBM 2606. The Utopia II bus 2608 also couples the 
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ALBM 2606 to each of n modulation buffers 2612, of the ATM formatter 2610; which are configured 
Phys in conventional ATM switches. Each of the multi-modulation buffers 2612 are located within 
the ATM formatter 2616 and are coupled to the multi-transport mode cell bus 2614. 

In practice, this ATM address filtering technique is used at the hub terminal in the 
5 ATM-OC3c SSI module (see FIG. 22). The ATM address filtering technique filters the ATM traffic 
to the c or rec t remote terminal by muling the ATM traffic to different m odu l ation buffers 2612; thus, 
creating differently modulated streams at ATM traffic The modulation buffers 2612 buffer the ATM 
cells to be placed on the multi-transport cell bus 2614. The ATM cells in the different modulation 
buffets 2612 will be modulated using a different modulation. Only the remote terminals able to 
10 demodulate the particular modulation will receive the ATM cells. 

The core of the ATM switch 2600 is the ALBM 2606 is a conventional off-the-shelf 
ATM chipset as known in the art The ATM chipset as designed, was not intended for use in 
wireless systems. The ATM chipset has no capacity or knowledge to understand modulations or time 
plans. It only knows that it supports n Phys, each Phy s associated with a Phy address on the Utopia 
15 bus (here, Utopia II bus 2608). The Phy is an abbreviation for "physical' and is a physical layer ATM 
device, such as a cell delineator or a buffer, that performs the physical layer ATM functions. This 
ATM address filtering technique uses the ATM chipset (as the ALBM 2606) in a unique way to 
replace a much more complex method of creating overhead messaging to split the ATM cells Into one 
of the differently modulated traffic streams. 

20 In this embodiment of the present invention, the ATM switch is configured such 

that each of the n Phys acts as a modulation buffer 2612 for a different m odu l at i on type. Each 
modulation buffer 2612 corresponds to one modulation stream. Thus, there is a unique mapping of 
the Phy addresses on the Utopia II bus 2608 to a specific modulation type according to respective 
modulation buffers 2612. The n Phys become n modulation buffers 2612. Furthermore, the specific 

2 5 virtual path identifiers (VPIs) and virtual channel identifiers (VCIs) are uniquely as s oci at ed with 

respective modulation inodes to be used for each modulation buffer 2612. In this embodiment, there 
are three modulation buffers 2612 and thus there are three groups of VPWQ's. Each group maps to 
one of the modulation buffers 2612. The mapping from each group of VPl/VCI's is determined by the 
destination remote terminals modulation type. This ensures that an ATM cell that arrives from the 

3 0 Kai-tfhgni fine 2602 gets routed to the c or rect modulation stream, and thus the correct remote terminal. 

The ALBM 2606 monitors the depth of its own internal buffers and performs the 
ATM quality of service functions, while the ATM formatter 2610 controls the timeslots that ATM 
cells are sent to the multi-mode radio (either hub terminal or remote terminal), and thus, the 
modulation mode used. For example, the first modulation buffer 2612 will support QPSK, the second 
35 modulation buffer 2612 will support 16-QAM, and the third modulation buffer 2612 will support 64- 
QAM. Thus, ATM cells will be dynamically routed to the appropriate modulation buffer 2612 
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depending an (he header information (VPI/VCI). And, thus, the VPI and VCI are used to map the 
ATM cells to respectively modulated traffic streams. 

In operation, the ATM traffic enters a Phy 2604. which is a cell delineator from the 
har-kh.nl line 2602. The hack haul 2602 is typically an OC3c line, but may be another physical 
5 medium known in the ait. The ATM cells are delineated at the Phy 2604; thus, the payload (ATM 
cells) Is extracted front the frame and sent to the ALBM 2606. The Utopia □ bus 2608 carries the 
ceils to the ALBM 2606. The ATM chipset or ALBM 2606 guarantees quality of service (QOS) on a 
per*VC (virtual channel) basis. It has sophisticated built in hardware to manage the QOS in a very 
responsive manner. Thus, the ALBM 2606 buffers the arriving ATM cells according to the 
10 rtwi Sgnrwt priftfitif. ncMriit^l wiih tK* vittiirl rfiAimtU (Step 2702 of FIG. 27). The ALBM 2606 
supports multiple Phys, here n Phys. The o Phys are each very shallow FIFOs (first in, first out) that 
only hold two cells. 

The timeplan/modulatkn lookup table 2616 contains the limcpl&n. the Phy (here, 
modulation buffer 2612), and the modulation mode used for each timeslot of the multi-transport mode 
15 cell bus 2614. The timeplan/modulation lookup table 2616 is coupled to the ATM formatter 2610 and 
is stored within a buffer or memory, such as a static RAM. The ALBM 2606 reads the header 
information (VPI and VCI) of the ATM cells to know which modulation buffer 2612 to seed the ATM 
cells to. The ALBM 2606 then transmits the ATM cells to modulation buffers 2612 of the ATM 
formatter 2610 when the ATM formatter 2610 instructs it to do so. as described below. In 

20 order to ensure that the ALBM 2606 sends the ATM cells at the correct rate, the ATM formatter 2610 

only accepts ATM cells on a per Phy basis that matches the rate for the corresponding mod ula t io n 
mode. This is a "backpressure* loading technique wherein the ATM formatter 2610 performs a 
lookup in the timeplan/modulation lookup table 2616 for each timeslot of the multi-transport mode 
cell bus 2614. The timeplan/modulation lookup table 2616 tells the ATM formatter 2610 which ATM 

2 5 cells from which modulation buffers 2612 go into which timeslot of the multi-transport mode cell bus 

2614. Thus, the ATM formatter 2610 determines when each modulation buffor 2612 is active for a 
particular timeslot using the timeplan/modulation lookup table (Step 2704 in FIG. 27), then asserts a 
handshake signal on the Utopia II bus 2608 (Step 2706 of FIG. 27). At the same time, the ALBM 
2606 is constantly polling all of its Phys (including modulation buffers 2612) looking for an active 

3 0 handshake signal. When the ALBM 2606 sees an active handshake signal, the ALBM 2606 transmits 

the appropriate ATM cell to the active Phy, and thus, the active modulation buffer 2612 (Step 2708 of 
FIG. 27). Then, the ATM formatter 2610 forwards the ATM cells from the modulation buffers 2612 
to the appropriate timeslot of the multi-transport mode cell bus 2614 (Step 2710 of FIG. 27). 

Therefore, in summary, this scheme produces three separate modulation streams of 
35 ATM ceils, one for each modulation type. The ATM ceils are copied from each modulation buffer 
2612 ratio the multi-transport mode cell bus as CB-Data cells (see FIG. 15). The CB-Data cells are 
then sent to the channel and control module of the indoor unit of the hub terminal where they are 
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mapped to a corresponding air interface frame format (see FIGS. 5 and IS) and modulated to one of 
the three modulations of the multi-modulation modem (see FIG. 11) according to which timeslot the 
cells are located. Thus, each modulation stream is made up of groups of timeslots, where each group 
of timeslots is modulated with a different modulation. The timeslots in each group do not have to be 
5 sequential. 

Thus, advantageously, the ATM switch 2600 conveniently configures the AJLBM 
2606 such that *«rh Phy address on the Utopia bus has a one to one association with a modulation 
type in order to create differently modulated streams of ATM cells. Also, each set of VPIs and VCb 
are associated with a modulation type. It is important to note that the Utopia Q bus 2608 is shown as 
10 two separate busses in FIG. 26; however, it is physically one bus, as is understood in the art. 

In another embodiment, the ATM filtering shewn in FIG. 26 may separate the ATM 
cells from more than one subchannel into separate streams of modulated traffic. The embodiment 
above creates differently modulated streams of ATM cells for one subchannel of a frequency channel. 
In order to support more than one subchannel, more than one ATM formatter 2610 is needed, i.e., one 
15 ATM formatter 2610, for each subchannel On this embodiment a subchannel is 12.5 MHz). Thus, 

instead of one ATM formatter 2610, there are n ATM formatters 2610 for n subchannels. The Utopia 
□ bus 2608 is able to support up to 30 devices total. Thus, a multi-subchannel ATM switch 2600 with 
a single ALBM 2606 may support up to 9 subchannels, i.e. nine ATM formatters 2610 each having 
three modulation buffers 2612, for example. In such a multi-channel ATM switch, each Phy address 

20 would be uniquely associated with a specific subchannel and a specific modulation type corresponding 

to a specific modulated stream of traffic. 

Another method to create differently modulated streams would be to add a ‘tag* to 
each ATM cell. Tho tag is known in the art and is similar to a header that routes the ATM ceil to the 
desired location, eg. a respective modulation buffer 2610. However, the tag adds to the ATM cell and 
25 to the cell processing, and does not take advantage of the ATM chipset's configured priorities. 

FIG. 26 corresponds to FIG. 22 which describes the ATM-OC3C SSI module, such 
that the ALBM 2606 of FIG 26 is the same as the ALBM 2211 including the buffer manager 2216, 
buffer manager buffer 2218. cell processor 2212, and the cell processor buffer 2214 of FIG. 22. The 
ATM formatter 2224 of FIG. 22 is the same as the ATM formatter 2610 in FIG. 26 and contains cadi 
30 of the n modulation buffers 2612. The timeslot/modulation lookup table 2616 is contained in the 

formatter buffer 2226 of FIG 22. 

Next, an introduction to the basic cell structures of the standard ATM cell and the 
specially designed TDM cell used in this embodiment of the present invention will assist in the 
clarification of the filtering technique process done at the SSI modules of the remote terminal. 
35 Referring next to FIG. 28, a block diagram is shown for an Asynchronous Transfer 

Mode (ATM) cell 2800 used in the point to multipoint system of FIG. 2. The ATM cell 2800 is a 
standard cell known in the ait and has a header section 2802 and a data section 2804. Tho header 
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section 2802 contains a virtual path identifier (VPI) 2806. virtual channel identifier (VC1) 2808, and 
other headers 2810. The standard ATM cell 2800 is S3 bytes in length. The header section 2802 is 
five bytes and the data section 2804 is 48 bytes. The header section carries standard information, such 
as the VPI, VCI and other headers known in the art The VPI 2806 is 8 bits and id en ti fi es the virtual 
5 path and the VCI 2808 is 16 bits and Identifies the vinual channel. The VPI and VCI are insetted at 
the ATM fbnnaner of the ATM-based SSI modules at the hub terminal so that the ATM-based SSI 
morhdes of the remote terminal can retrieve the proper ATM cells. 

Referring next to FIG. 29, a block diagram is shown for a time-divirion-multiplexed 
cell (hereinafter referred to as a TDM cell 2900) used in one embodiment of the point to multipoint 
10 system. The TDM cell 2900 has a data section 2902 and a header section 2904 containing a virtual 
path identifier (VPI) 2906, and other headers 2908. Note that the TDM cell 2900 can also be referred 
to as a TDM packet; however, the specification refers to it as a TDM cell since it is being modeled 
after an ATM cell. Additionally, the ATM cells 2800 and TDM cells 2900 can be referred to 
genetically as ATM signals and TDM signals. 

15 Advantageously, (he TDM cell 2900 is designed to be the same length as the 

standard ATM cell (i.e. 53 bytes) so that the ATM cells 2800 and the TDM cells 2900 can be 
interchanged within the same data cell (data eell 1704 in FIG. 17) on the multi-transport mode cell 
bus and within the same data field (data fields 704 of FIGS. 7A-7B) of the air interface frame format 
Furthermore, the TDM cell 2900 has a 5 byte header section 2902 and a 48 byte 
20 data section 2904, similar to the ATM cell. This is a departure from prior art TDM cell structures. 
Prior art TDM cell structures, no matter what length, do not require header sections 2902 since they 
are transported and switched according to which timeslot the TDM cell is in. Additionally, the TDM 
cell 2900 uses an ATM specific header, VPI 2906, inserted into its header section 2902. Thus, the use 
of a header section on a TDM cell 2900 and especially, an ATM header, VPI 2906, on a TDM cell 
2 5 2900 is unique to this embodiment of (he present invention. The VPI 2906 is inserted in the TDM 

cell 2900 by the cell formatter of the TDM-based SSI modules ai the hub terminal. The VPI 2906 is 
positioned Into the exact location within the header section 2902 as the VPI 2906 would be found on 
an ATM cell and is used in the address filtering techniques described below. 

In addition, the data section 2904 is typically used to cany pulse-code -modulated 
30 data (hereinafter referred to as PCM data) from a digital signal level zero (also known as • DSO). 

PCM data and DSOs are well known in the art and; thus, no further explanation is needed. Signaling 
data, such as channel associated signaling (also known as CAS) corresponds to the PCM data and is 
sent in separate TDM cells. In this embodiment of the present invention, the other headers 2908 in 
the header section 2902 are not wasted but, advantageously, are used to cany the signaling data, while 
35 the data section 2904 Is used to cany the PCM data. Placing signaling data and PCM data into the 
same TDM cell 2900 is a departure from a conventional TDM cell that only contains PCM data or 
signaling data. Thus, the need to cany signaling data and PCM data in separate TDM cells which are 
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separately switched according to timeslots is eliminated. Note that the signaling data still must be 
separated from the PCM data. Refer to the TDM buffering described in FIGS. 41 through 43 for more 
details. 

Another feature of this embodiment is that the data section 2904 can be broken 
5 down to cany PCM data from more than one DSO. A conventional TDM cell only carries data liiiiu 1 

DSO. Depending on the specific TDM cell type as described in FIGS. 41 through 43. multiple DSOs 
from a T1 line rqn be multiplexed into the same TDM cell. This process is flintier explained in FIGS. 
39 through 44B. 

Referring next to FIG. 30. a block diagram is shown for an ATM address filtering 
10 function that is performed at every ATM-based SSI module, such as shown in FIGS. 20, 22,23A and 
25B at the remote terminals. Corresponding steps from FIGS. 31A and 3 IB, which illustrate the steps 
performed in the ATM address filtering techniques at the ATM-based SSI modules, will be referred to 
while referring to FIG. 30. The ATM address filtering diagram 3000 shows a multi-transport mode 
cell bus 3002. ATM formatter 3004 (or ATM signal formatter) containing a VP! compare 3006, an 
15 optional VPI lookup table 3007 and optional VPI accept/discard bit 3009 (for the ATM-OC3C SSI 
module of FIG. 22), buffer 3008 containing a VCI lookup table 3010, Utopia bus 2312, and a TDM 
cell formatter 3022 (or TDM signal formatter). The VCI lookup table 3010 has an VCI acccpt/discaid 
bit 3016, AAL1/AAL5 bit 3018, and a second 8 bit portion 3020. The VPI compare 3006 includes the 
extracted VPI 3024, a register 3026, and a comparator 3028. Also shown are an AAL1 SAR 3013 
20 and an AAL3 SAR 3014. 

The multi-transport mode cell bus 3002 is coupled to the ATM formatter 3004 and 
the TDM cell formatter 3022. The ATM formatter 3004 contains the VPI compare 3006 and the 
optional VPI lookup table 3007. The ATM formatter 3004 is coupled to the buffer 3008, Utopia bus 
2312. The buffer 3008 contains the VCI lookup table 3010. The ATM formatter 3004 and the TDM 
25 cell formatter 3014 are both custom logic devices. 

In practice, the multi-transport mode cell bus 3002, as des c ribed with reference to 
FIGS. 13-18 In te rface s with an ATM formatter 3004 and/ora TDM cell formatter 3022 depending on 
which SSI module is inserted into an SSI slot of the indoor unit at the remote terminal. The ATM 
address filtering technique is done at the ATM SSI modules (e.g. Quad DSI/AAL1 SSI module, 

3 0 multi-transport mode SSI module, and the ATM-OC3c SSI module) at the indoor unit of the remote 
terminal for mixed traffic flowing from the hub terminal to the remote terminal and exiting the point 
to multipoint system to the subscribers. This technique is used to distinguish TDM cells from ATM 
cells received on the multi-transport mode cell bus 3002. Once the right type of cell is sotted, the 
cells need to be fluther sorted to determine which cells on the multi-transport mode cell bus 3002 are 
3 5 destined for the particular SSI module. 

The block diagram shown is for a generic ATM SSI module, rather than describing 
a particular SSI module, e.g. the Quad DS1/AAL1 SSI module as described in FIG. 20, the ATM 
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OC3c SSI module of HG. 22. or the multi-transport mode SSI module in FIGS. 25A and 25B. Thus, 
the block diagram of HG. 30 and the flowcharts of FIGS. 31A and 3IB rep reseat the process earned 

out Bleach ATM SSI module at the remote terminal, regardless of the type. Note that only the multi- 

transport mode SSI modules in FIGS. 25 A and 25B actually contain both the ATM formatter 3004 
5 and the TDM cell formatter 3022. while the other ATM-based SSI modules only contain an ATM 
formatter 3004 and not the TDM cell formatter 3022. 

For an SSI module (Le. a TDM-based SSI module) that is configured for TDM 
traffic, the filtering process is relatively simple. The IM-Coni message slots on the multi-t ran sport 
mode cell bus 3002 (see FIG. 15) provide the TDM cell formatter 3022 with the appropriate time slots 
10 to listen to. This time plan is stored in a message buffer (not shown). Thus, the TDM cell formatter 
3022 simply pulls the TDM cells from the time slots that it is configured to. This ensures that tbc 
TDM cell formatter 3022 will only copy the desired TDM cells, and not unwanted TDM and ATM 
cells. 

For an SSI module (Le. ATM-based SSI module) that is configured for ATM traffic, 
15 the filtering process involves a compare and table lookup scheme. The ATM formatter 3004 receives 
every incoming cell on the multi-transport mode cell bus 3002 containing both TDM and ATM ceils 
(Step 3100 of FIG. 31A) and temporarily stores it in an internal FIFO (first in first out). Then, the 
ATM formatter 3004 performs a VPI extraction on the received cells and then the VPI compare 3006 
compares the extracted VPI against a stored VPI for the particular SSI module: thus, performing a 
20 VPI comparison (Step 3102 of FIG. 31 A). The VPI compare 3006 uses a comparator 3028 to 

compare the extracted VPI 3024 with an internal VPI that is stored within a register 3026. (Step 2352 
of FIG. 23 A). Ifthe VPI of the incoming cell matches the internal VPI (Step 3104 ofFIG. 31 A), then 
the cell is kept. All other incoming cells with non-matching VPIs are discarded (Step 3106 ofFIG. 

■ 31 A). Since all TDM ceils have a VPI that is unique to TDM cells as described above in FIG. 29, In 
25 the position as an ATM VPI header, the VPI compare 3006 of the ATM formatter 3004 simply 
reads the VPI of the TDM cell and discards the TDM ceil Just as if it were an ATM cell. Thus, only 
the ATM cells itcainut for the particular SSI module are kept. Thus, the TDM cells are distinguished 
from the ATM cells to be kept by the particular SSI module. Furthermore, the VPI compare could be 
configured to specifically match the assigned VPI of the TDM cells and discard the TDM cells on this 
3 0 baas. Thus, again the ATM cells would be distinguished from the TDM cells. 

The next step in the process once the ATM cells have been kept, is to do a VCI 
lookup on the kept ATM cells in the VCI lockup table 3010 (Step 3108 ofFIG. 31 A) located in the 
buffer 3008, which Is a static RAM, on the VCI header 2808 of kept ATM cells. The VCI lookup step 
extracts the 14 least significant bits of the VCI and applies these bits as an index into the VCI lookup 
35 table 3010. The VCI lookup table 3010 supports 2 H addresses but could support up to 2“ addresses. 
Once the index is applied, 16 bits are read out of the VCI lookup table, and latched in the ATM 
formatter 3004, in a single access. The first 8 bits of the lookup table contain a VCI acoept/discard bit 
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3016 and an AAL1/AAL5 bit 3018. If the VCI accepl/discard bit is a "0" (Step 3110 of FIG. 31 A), 
there is not a match and the ATM cell is discarded with no further processing (Step 3106 of FIG. 

31 A). If the VCI accept/discard bit isa'l* (Step 3110 of FIG. 31 A), there is a match and the ATM 
cell is kept 

5 Additionally, if the ATM cell is kept, the VCI lookup table 3010 includes an 

AAL1/AAL3 bit 3015 which tells the ATM formatter 3004 if the ATM cell Is an AALI ATM cell or 
an AAL5 ATM cell (Step 3112 of FIG. 31 A) and should be routed to the AALI SAR 3013 or the 
AAL3 SAR 3014 via the Utopia bus 3011. If a matched cell is an AAL5 cell (Step 3112 of FIG. 

31 A), then it will be routed to the AALS SAR 3014 via the Utopia bus 3012 to be processed as 
10 described earlier in the specification (Step 3114 ofFIG. 31A). 

If the matched cell it an AALI cell (Step 3112 ofFIG. 31 A), then the cell will be 
sent to the AALI SAR 3013 via the Utopia bus 3011 However, the cell will be slightly modified. 

The lower S bits of the VCI need to be translated by performing a lower VCI translation (Step 3116 of 
FIG. 31 A). The AALI chip used requires physical information in the lower S bits, instead or the 
15 standard ATM VCL Advantageously, the VCI lookup table 3010 is loaded with software based upon 
the specific user configuration. Thus, the VCI is translated to a form allowing more flexibility in 
channel identification to the subscriber. Advantageously, the lower VCI translation is performed at 
the same time the lookup step is done, instead of having to do two separate lookups. If the AALI cell 
is accepted, then the lower 8 bit VCI which is stored in the second 8 bit portion 3020 of the VCI 
20 lookup table 3010 becomes the new lower VCI. The new lower 8 bit VO is lached onto the ATM cell 
before the cell is routed to the AALI SAR 3013 (Step 3118 ofFIG. 31A). Advantageously, this 
requires only one lookup and saves processing time since it happens at the same time as the VCI 
lookup. This process is done for every cell that is accepted. If the cell is AAL3, then the lower 8 bit 
VCI 3020 is discarded. 

25 It is important to show that the VO tabic lookup combines several lookups into one 

VCI lookup table 3010. A prior art VCI lookup performs one tccept/discard lookup, one 
AAL1/AAL3 lookup, and one lower VCI translation lookup. This embodiment combines all three 
lookups Into the VCI lookup table 3010. A combination of any two lookups Is a departure from prior 
art ATM address filtering techniques. Again, this saves processing time and ATM cells can be routed 
30 with minimal delay. 

Note that some embodiments (not shown), the ATM based SSI modules may be 
designed to support only AALI or AAL5 and not both Thus, FIG. 30 would need to be modified to 
remove one of the AALI SAR 3013 or the AAL3 SAR 3014. The AAL1/AAL5 bit is not needed in 
this embodiment. 

3 5 The ATM address filtering process is done differently for an ATM-OC3C SSI 

module 2200 of FIG. 22 used at the remote terminal than for the other ATM-based SSI modules at the 
remote terminal, and is reflected in the flowchart ofFIG. 31B. Here, the ATM address filtering 
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function is different because the throughput on the ATM-OOc SSI module 2200 is much higher than 
the throughput of other types of SSI modules located at the remote terminal. The OC3c line sends 
data at 155.32 Mbps (mega bits per second) which is equivalent to about throe DS3 lines. The 
flowchart in FIG. 31B also applies to the DS3 option to the ATM OGc SSI module. 

5 In FIG. 3 IB, the first three steps are the same as the first three steps of FIG. 31A. 

Thus, the ceils are received (torn the multi-transport mode cell bus (Step 3 ISO of FIG. 3 IB), a VPI 
comparison Is done (Steps 3152 and 3154 of FIG. 3 IB) between the extracted VPI 3024 and the VPI 
stored in the register 3026 just as in Steps 3102 and 3104 of FIG. 31 A. If the VPI matches (Step 3154 
of FIG. 3 IB), a VCI lookup is performed (Step 3156 of FIG. 31B) using the VCI lookup table 3010 as 
10 described above. Thus, the if the VCI acccpt/discard bit equals "1" (Step 3158 erf FIG. 3 IB), the 

ATM cell is accepted. If the VCI acccpt/discard bit equals *0" (Step 3158 of FIG. 3 IB), then the ceil 
is accepted (Step 3162 of FIG. 31B). It is important to note that no TDM cells will go through the 
path indicated by Steps 3156 and 3158, since the VPI did match in Step 3154. 

Iflhe VPI does not match (Step 3154 afFIG. 3 IB), the cell is net discarded, but a 
15 VPI lookup is done (Step 3164 of FIG. 31B) is the VPI lockup table 3007 of the ATM formatter 3004. 
The VPI lookup table 3007 is 8 bit table having a depth of 2* entries. The extracted VPI is used as an 
index into the VPI lookup table 3007. If the VPI acccpt/discard bit 3009 equals '1" (Step 3166 of 
FIG. 3 IB), then the cell is accepted (Step 3162 of FIG 3 IB). Ifthc accept/discard bit equals’O'(Step 
3166 of FIG. 3IB). the cell is discarded (Step 3160 of FIG. 31B). The VPI accept/discard bit 3009 
20 has been assigned for the specific VPIs of the ATM cells that the particular ATM OC3c SSI module is 
configured to accept Thus, the TDM cells are discarded from the ATM cells at the VPI lookup since 
the VPI assigned to the TDM cell is unique to TDM cells and its corresponding index into in the VPI 
lookup table 3007 will always have an acccpt/discard bit 3009 that indicates to discard the cell. Thus, 
all TDM cells are discarded at the VPI lookup tabic 3007. 

25 Furthermore, this provides a "VCI transparent* service If the extracted VPI docs not 

match the preassigned VPI that is specific to the particular SSI module. Thus, ATM cells are passed 
through the SSI module without performing a VCI lookup. Thus, all the ATM cells having 
preconfigured VPIs are forwarded through the ATM-OC3C SSI module to the subscribers. 

In the embodiment shown in FIGS. 30 and 3 IB, (he ATM-based SSI module (e.g. 
30 ATM OC3c SSI module), advantageously performs a VPI comparison, and then either a VPI lookup 
or a VCI lookup on each cell that enters the ATM-based SSI module. Advantageously, the ATM- 
based SSI module doe not perform both a VPI lookup and VCI lookup on each cell. And thus, 
advantageously, the processing time, which is a concern due to the throughput of the ATM OC3c SSI 
module, is reduced using this embodiment. 

3 5 Additionally, the ATM-based SSI modules are described as receiving traffic from a 

mixed transport mode interface, such as the multi-transport mode cell bus. However, the present 
invention it not limited lo this description. The ATM-based SSI modules could be receiving only 
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ATM cells, and not mixed cells, and the same ATM address filtering techniques are performed in 
order to correctly filter and route the ATM cells to the desired locations. 

The address filtering techniques are performed at the SSI modules of the nrnhi- 
transpoit mode, multi-modulation point to multipoint system. The components described are common 
5 and understood by those skilled in the art. 

Extension Indoor Unit and Fiber Extender Modules 
Referring next to FIG. 32, a block diagram is shown of 4 extension indoor units 
coupled to the each of the service specific interface ports of the indoor unit of the remote terminal as 
10 shown in the embodiment of 

FIG. 2. The diagram 3200 includes: an outdoor unit 3202 (transceiver unit or ODU) of the remote 
terminal coupled to an indoor unit 3204 (channel processing unit or IDU) of the remote terminal, 
fiber links 3206, each coupling 4 extension indoor units 3208 (EIDU) to the indoor unit 3204. Each 
extension indoor unit 3208 has four SSI modules (cards) 3210. 

15 In order to allow for more subscriber interfaces and to allow the subscribers to 

interface with the point to multipoint system up to 2230 feet from the indoor unit 3204, the extension 
indoor unit 3208 (EIDU) couples to one of the SSI ports of the indoor unit 3204 via a fiber link 3206. 
The EIDU 3208 allows up to 4 other SSI modules 3210 (o interface with the point to multipoint 
system. The number of extension indoor units 3208 and individual SSI pom may vary depending on 
2 0 Implementation. Thus, a maximum configuration allows up to 16 SSI modules 3210 to be plugged 

into a tingle indoor unit 3204 at a remote terminal. 

This is a departure from a prior art extension indoor unit and expansion interface. 

A prior art system uses a bus repeater, such as a ribbon cable, which is a high density copper cable to 
repeat (or extend) the bus that is carrying signals. However, the bus repeater is only able to extend the 

2 5 bus a few feet, unlike the multimode fiber link 3206 that can extend the timid-transport mode cell bus 

up to 2230 fed. This is particularly advantageous, since the subscriber may interface with the indoor 
unit of the remote terminal up to 2230 feet away from the actual indoor unit. Thus, a subscriber could 
interface with the point to multipoint system at many different locations within the subscriber's 
premises (typically a large building) with an indoor unit 3204 located elsewhere within the 

3 0 subscriber's premises. With a prior art system, a subscriber must interface within a few feet of the 

actual indoor unit of the remote terminal. 

The EIDU 3208 is connected to the indoor unit 3204 of the remote terminal with a 
fiber extender module, called the “master'’ fiber extender module, (see FIG. 33) that is attached to the 
SSI port of the indoor unit 3204 and connected to a multi-mode fiber link 3206. The multi-mode fiber 
35 link 3206 is a fiber optic cable that acu ax an extension of the multi-transport mode cell bus. The 
multi-mode fiber link 3206 is a 200 MHz link and connects to the extension indoor unit 3208 with 
another fiber ex t e nd er module, called the “slave” fiber extender module, (see FIG. 33) inserted into 
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the extension indoor unit 3208. The 'master* and 'slave* fiber extender modules are the same 
module, but are located at the indoor unit of the remote terminal and the extension indoor unit, 
re^aectively. The fiber link 3206 is a multimode fiber known in the art It has a maximum length of 
2250 feel and transmits with a bit error rate of lO^’or less. Alternatively, the distance can be 
5 extended further if single mode fiber is used instead of multimode fiber far the fiber links 3206. Note 
that 'multimode* used referring to the cable does not refer to multi-modulation and multi-transport 
capabilities as suggested earlier. The multimode cable is simply a commonly understood type of 
cable. 

The 'master" fiber extender module format the signals on the multi-transport mode 
10 oell bus for the fiber Link 3206 and retransmits the signals, including the timing (which was derived 
from the hub terminal over the air interface), over the fiber link 3206. The 'slave' fiber extender 
module (hen converts the signals from the fiber link 3206 back to the format of the multi-transport 
mode cell bus and transmits the signals onto another multi-transport mode cell bus of the EEDU 3208. 
The timing of the signals is advanced or retarded such that it will match the liming of the original 
15 signals at the indoor unit 3204. Thus, the SSI modules 3210 at the EIDUs 3208 appear to be coupled 
directly to the inddor unit 3204 itself. 

The actual extension indoor unit 3208 only contains a fiber extender module, a 
backplane bus which indudes the multi-transport mode cdl bus, and four SSI ports for SSI modules 
3210. It simply acts as an extension of the multi-transport mode cdl bus. so that additional subscriber 
20 interfaces can be made. Furthermore, this is a departure from prior art extension units, since the prior 
an extension links (ribbon cable) and prior art extension units only support one type of traffic (ATM 
or TDM), whereas the present embodiment supports both traffic types (ATM and TDM). 

Referring next to FIG. 33, a block diagram is shown for a fiber extender module that 
is to be plugged into one of the SSI ports at the indoor unit of the remote terminal or the extension 
25 indoor unit of FIG. 32. The fiber extender module 3300 block diagram includes: 

a multi-transport mode cell bus 3302, fiber extender module (FEM) formatter 3308. message buffer 
3310. CPU 3312, data buffer 3314. paraHel-to-serial converter 3316, serial-to-parallel converter 3318, 
divider 3320, fiber optic transmitter 3322, fiber optic receiver 3324. and the fiber link 3326. 

The multi-transport mode cell bus 3302 indudes a timing bus and comprises a 
3 0 backplane interface. The multi-transport mode cell bus 3302 is coupled to the FEM formatter 3308. 
The FEM formatter 3308 is coupled to the message buffer 3310 and the CPU 3312. The CPU 3312 is 
also coupled to the message buffer 3310. The FEM formatter 3308 is also coupled to the parallet-to- 
serial converter 3316, serial-to-parallcl converter 3318, data buffer 3314, and divider 3320. The 
paralld-to-scrial converter 3316 is coupled to the fiber optic transmitter 3322 which connects to the 
35 fiber link 3326. The fiber link 3326 also connects to the fiber optic receiver 3324 which couples to 
the serial-to-parallel converter 3318 which couples also to the data buffer. 3314 and the divider 3320. 
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In practice, the fiber extender module 3 JOO (FEM) at the indoor unit of the remote 
terminal, (hereinafter called the (DU FEM or ‘‘master” FEM). provides an interface to the fiber link 
3326 that connects to the EIDU. It also buffers the incoming cells from the multi-transport cell bus 
3302, buffers the data coming from the extension indoor unit (EIDU). and communicates with the 
5 CCM of the indoor unit of the remote terminal via the IM-Com overhead messages embedded in the 
bus frame formal of the multi-transport mode ceil bus 3302. The IDU FEM 3300 uses the first IM- 
Com slot shown in FIG. IS for synchronization with the FEM 3300 at the EIDU and for identification 
of the EIDU. 

The cells arrive at the IDU FEM 3300 from the multi-transport cell bus 3302 to the 
10 FEM formatter 3308, The FEM formatter 3308, which is custom designed logic, also recovers the 
timing from the multi-transport mode bus 3302. The FEM formatter 3308 inserts a unique word 
(which is used for synchronization with the FEM at the EIDU). frame and snperftame identification 
code, and an EIDU identification byte in the first IM-Com timeslot. The IM-Com messages are sent 
to the message buffer (which is a dual port RAM) for the CPU 3312 to process. The CPU 3312, a 
15 RISC microcontroller, reads the messages out of the message buffer 3314 for configuration, alarms, 
etc. Finally, the FEM formatter 3308 retransmits the frame received from the multi-transport mode 
cell bus 3302 to a paiallcl-to-scrial co n verter 3316. The parallel-to-scrial converter 3316 is a high 
speed converter that transmits the data frame to tire fiberoptic transmitter 3322 at 200 MHz. The 
fiber optic transmitter 3322 transmits the signal through the fiber link 3326 to the EIDU FEM (fiber 
20 extender module at the extension indoor unit or'slave* FEM). 

In the opposite direction, the fiber optic receiver 3324 receives the data flow back 
from EIDU via the fiber link 3326. The data is sent to the serial-to-parallel converter 3318 where the 
data flow is converted back to parallel format and then sent to the data buffer 3314, which is a dual 
port RAM. The data flow is slightly complex due to timing and buffering requirements. Thus, the 

2 5 FEM formatter 3308 recovers the unique word that the EIDU FEM assigned so that the FEM 

formatter 3308 knows where the beginning of the ftame is. The design ensures tlut the unique word 
arrives at the FEM formatter 3308 before the cell bus TX frame synch signal (CB_TX_FS of FIG. 18, 
which describes the cell bus 3302). Thus, the data is written into the data buffer 3314 before it is read 
by the FEM formatter 3308. The FEM formatter 3308 then reads the data at the start of the frame 

3 0 from the data buffer 3314 and copies it onto the multi-transport mode cell bus 3302. Thus, the timing 

of the cell bus frame is advanced or retarded in order to compensate for the offset in the fiber link. 

The FEM formatter 3308 also recovers tire timing from the EIDU. 

The fiber extender module at the extension indoor unit 3300 (EIDU FEM), and 
sometimes referred to as the “slave” FEM, uses the same block diagram as shown in FIG. 33. As the 
35 frame containing the IM-Com messages and data is sent from the fiber optic transmitter of the IDU 

FEM and travels through the multimode fiber link, the signal enters the EIDU FEM 3300 at its 
c o rresponding fiber optic receiver 3324. The flow is the same as described above with the IDU FEM. 
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Note again (ha! the unique code word that was assigned to the frame is received into the FEM 
formatter 3308 so that it will know when the beginning of the frame is. Otherwise, timing problems 
occur since the FEM formatter will assume the frame starts when it receives the data, not when the 
frame actually starts. This unique code woid alleviates the timing problem between the indoor unit 

5 andtbcEIDU. Furthermore, the CPU 3312 of the EIDU FEM 3300 communicates wllh the CCM of 
the indoor unit of the remote terminal using the IM-Com overhead messages and provides signals Cor 
the processors located in the SSI rrwv * n ^ < amriiwi Thus, the data on the bus flame format is 
retransmitted cm the multi-transport mode cell bus 3302 at the EIDU and the extension SSI modules 
can interface with the point to multipoint system. 

10 Also; note that the fiber extender modules do not actually distinguish between the 

types of traffic it is retransmitting or supporting. It is the SSI modules at the extension indoor unit 
that distinguish the mixed traffic and the fiber extender modules and multi-mode fiber link simply 
provides an extension of the multi-transport mode cell bus. Thus, the fiber ex ten de r modules and the 
multi-mode fiber links support signals using multiple transport types (e.g., TDM and ATM). 

15 However, it is s departure from the prior art to transmit multiple transport mode signals through an 
extension bus (fiber link) to an extension indoor unit 

The data flow from the SSI modules at the EIDU FEM 3300 is the reverse of the 
data flow to from the remote indoor unit to the extension indoor unit. The cells are received from the 
multi-transport mode cell bus 3302 at the FEM formatter 3308 which copies the IM-Com messages of 

2 0 the EIDU FEM from the message buffer 3310, inserts a unique word in front of the data frame so that 

the IDU FEM will know where the beginning of the frame is, and copies the cells to the parallel-to- 
serial converter 3316 for transmission through the fiber optic link 3326 to the IDU FEM. The IDU 
FEM formatter 3308 in turn copies the data frame to the multi-transport mode cell bus 3302 to be sent 
to the COM of the indoor unit. Thus, the IDU FEM 3300, EIDU FEM 3300, and the fiber link 3326 

25 act as e multi-transport mode cell bus extension. Note that all of the various signals are not described 
in detail since their operation is understood to those skilled la the art Note that not all of the 
functional blocks and signals have been niimt The skilled artist understands these functions and 

could easily implement them; thus, no further explanation is needed. 

Referring next to FIG. 34, a timing diagram 3400 is shown for the delays involved 

30 in the data transfer from indoor unit (IDU) of the remote terminal to the extension indoor unit (EIDU) 

shown in FIG. 32 using the fiber extender modules of FIG. 33. The significant delays are die 
propagation delay 3402, the guard time 3404. the transmit to receive offset 3406, and the frame synch 
offset 3408. Shown also are the various signals: cell bus receive superframe synch 3410 
(CB_RX_SFS (at IDU FEM)) at the remote fiber extender mockile, the cell bus receive superframe 

3 S synch 3412 (CB_RX_SFS(at EIDU FEM)) at the extension fiber extender module, the cell bus 

transmit superframe synch 3414 (CB_TX_SFS(at IDU FEM)) at the extension fiber extender module, 
and the cell bus transmit superframe synch 3416 (CB_TX_SFS(at EIDU FEM)). 
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The timing it veiy important in the design of the fiber extender modules of FIG. 33. 
The timing diagram 3400 illustrates the delays for transferring data from the indoor unit of Lhe remote 
terminal u> the extension indoor unit. The propagation delay 3402 is the delay from the IDU FEM to 
the EIDU FEM, and vice vena. This accounts for the delay in the panlld-to-serial converter, and 
fiber optical transmitter and receiver of the fiber extender module (FEM) as shown in FIG. 33. A 
guard time 3404 of typically a few microseconds is insetted tty the EIDU FEM to ensure that the data 
arrives at the IDU FEM earlier than it is read. Then, the IDU FEM resynchronizes the data arriving 
from the HDU to the timing of the indoor unit The transmit to receive offset 3406 and the frame 
synch offset 3408 are well known in the ait, and thus, no further explanation is needed. 

Demand assigned mu ltiple access 

Demand assigned multiple access (DAMA) is a method in which bandwidth is 
amgnaH as the demand for bandwidth changes within the system. Thus, DAMA provides efficient 
use of the available frequency spectrum. The point to multipoint system uses unique DAMA 
techniques to allocate bandwidth within the multi-modulation, multi-transport environment. 

Referring next back to FIGS. 26 and 27, which show a block diagram and 
corresponding flowchart, respectively, illustrating an ATM address filtering technique performed by 
an ATM switch that has been configured for a multi-modulation environment Additionally, FIGS. 

26 and 27 also illustrate how bandwidth Is assigned for ATM data traffic in the downlink direction 
(hub to remote) illustrating a DAMA tec h nique. 

Voice traffic is n«tgwwe conventionally. The point to multipoint system detects an 
active call (orflhoo't) and automatically assigns bandwidth. The remote terminal requests bandwidth 
from the hub terminal using the assigned maintenance slot of overhead section of the air interface 
frame format as described in FIGS. 4 and 6. The hub terminal uses either TR-008 or GR-303 
signaling to connect the call to the switch. At the end of the call, the bandwidth is deallocated. If the 
switch initiates the call, then the hub terminal assigns bandwidth and notifies the remote terminal. 

Data bandwidth is dynamically assigned in both directions (downlink and uplink). 

In the uplink, the remote terminals monitor their own buffer depths within the individual SSI modules 
described above. If the buffer depth exceeds a threshold for greater than the configured amount of 
lime, then the remote terminal requests more bandwidth from the hub terminal. The hub terminal 
evaluates all requests and, depending on specified priorities, assigns bandwidth at differing levels to 
all remote terminals. 

Advantageously, in one embodiment, the bandwidth for ATM data traffic in the 
downlink is assigned in a unique way as illustrated by FIG. 26 shown above. As earlier described, the 
ATM switch at the ATM-OGc SSI module of the hub terminal is able to dynamically manage the 
flow of ATM traffic from the OC3c line to the point to multipoint system. The ATM switch is 
configured for DAMA purposes in the downlink direction (from hub to remote). 
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The Phy* of the ATM switch have been configured to be n m o du l at ion buffers 2612. 
There is a different modulation buffer 2612 for each modulation type; such asQPSK for the first 
modulation buffer 2612, 16-QAM for the second modulation buffer 2612. and 64-QAM for the third 
modulation buffer 2612. The ALBM 2606 dynamically manages the ATM cells based on priorities 
5 using well known quality of service protocols as discussed in FIG 26 (Step 2702 of FIG. 27). In this 
regard. ATM cells having a higher priority will be sent out with less delay than lower priority ATM 
cells. Additionally, the delay is determined depending on the virtual path identifier (VPI) and virtual 
channel identifier (VCI). Thus, advantageously, each VPI and VCI is also associated with a 
modulation type. Advantageously, each Phy address is associated with a modulation type. 

10 This scheme produces three separate streams of ATM cells, one for each modulation 

type within the same communications link. Each modulation stream includes groups of timeslots 
where each group of timeslots is modulated differently. Each modulation type requires more or less 
bandwidth, depending on the number of remote terminals of each modulation type and their services; 
thus, by creating differently modulated streams of ATM data cells, the bandwidth for the ATM data 
15 cells is dynamically assigned within a modulation stream. The ATM formatter 2610 accesses the 
limeplan/modulation lookup table 2616 and determines which modulation buffers are active (Step 
2704 of FIG. 27) then sends a handshake signal to the ALBM 2606 (Step 2706 of FIG. 27). The 
ALBM 2606 reads the handshake signal and transmits the ATM cell to the appropriate modulation 
buffer 2612 (Step 2708 of FIG. 27). Once the ATM cells are in the respective modulation buffer 
20 2612. the ATM formatter 2616 the timeplan for each timeslot of the multi-transport mode 

cell bus flame format and the cor res p on ding air interface frame format and transmits the ATM cells 
onto the multi-transport mode cell bus (Step 2710 of FIG 27). Thus, three differently m odulated 
streams of ATM cells are prodooed. This technique uses the ATM chipset in such a way to replace a 
much more complex method of creating messaging from the hub terminal to the remote terminal or 
25 adding "tags* as known in the ait to the ATM cells in order to dynamically assign bandwidth to ATM 

data traffic in the downlink. 

Referring next to FIG. 35. a diagram is shown illustrating a demand assigned 
multiple access (DAMA) technique such that the bandwidth is dynamically changed based upon 
channel conditions. Corresponding steps from FIG. 36, which illustrates the steps performed in the 
3 0 DAMA tec hn iq u e based upon channel conditions as shown in FIG. 33, will be referred to while 

referring to FIG. 33. Shown are a hub terminal 3302 transmitting during clear channel conditions 
3301 and poor channel conditions 3303. During clear channel conditions 3301, all of the remote 
terminals are in region 1 3304. During poor channel conditions 3503. the remote terminals are in 
region I 3504 through region n 3508. Also shown is the sector 3506 that the hub terminal 3502 
35 supports. 

In practice, this DAMA technique is dynamically assigns bandwidth based upon 
channel conditions. For example, in normal operation of the point to multipoint system, remote 
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terminal* in region 1 3504 require a lower energy per bit to be within an acceptable bit error rate (e.g. 
I O'*) and; thus, a higher order modulation (more bitsfsccond/Hz) can be used, such as 64-QAM. 
Remote terminal* in the farthest region, region n 3508 (region 3 in this embodiment using QPSK 
mod u l ation), require a higher energy per bit and thus a lower order modulation (fewer bits/tecond/Hz) 
5 is used, such as QPSK. The specific implementation and benefits of such a crmfiguralinn is described 
throughout the specification. 

Thus, the hub terminal 3502 first selects the remote terminal that it will transmit 
traffic burst* to (Step 3604 of FIG. 36). Next, the channel conditions are monitored and a 
determination is made whether or not the channel conditions are poor, such as during a rain fade. 

10 Rain fade is the primary impairment to microwave radio links. The channel conditions maybe 

measured as function of the received signal strength Indication (RSSD or the bit error rate (HER) of 
the signals received over the communications link. For example, when the RSSI drops below a 
threshold specific to each different modulation mode supported by the hub terminal 3502 or the BER 
exceeds a threshold, the channel conditions will be considered poor. For example, the threshold BER 
15 may be 10*. The hub terminal 3502 receives a maintenance burst from the respective remote terminal 
which contains the signal quality indicator (SQI) (Step 3606 of FIG. 36) that contains the RSSI, for 
example. 

The hub terminal 3502 then selects the highest order modulation supportable for the 
respective remote terminal based upon the channel conditions (Step 3608 of FIG. 36). During poor 
2 0 channel conditions 3503, such as during a rain fade, the traffic is modulated and transmitted over the 
air interface using the configured different modulations per region, i.c. regions 1 3504 through region 
n 3508. 

However, during dear channel conditions 3301. all of the remote terminals will be 
co n sid e red to be in the region 1 3504. Therefore, traffic can be transmitted using the highest order 

2 5 modulation (Step 3608 of FIG. 36) which requires the least number of bits/second/Hz and uses the 

least bandwidth to transmit, i.e. 64-QAM in this embodiment. Note that the channel conditions will 
be dear during a high percentage of the time allowing for the bandwidth to be dynamically assigned 
to a higher order m odulation fora majority of the time; thus, saving bandwidth. Thus the bandwidth 
is dynamically managed during periods of dear channel conditions, ami only switched bade to the 

3 0 configured bandwidth allocations diving poor channel conditions. 

The hub terminal 3302 then checks to see if there are any more remote terminals to 
communicate with (step 3610 of FIG. 36). If so, then steps 3604 through steps 3610 are repeated. If 
not. then the hub terminal 3502 is done (Step 3612 of FIG. 36). 

Although the bandwidth is dynamically managed based upon channel conditions, 

3 5 this DAMA technique is ideally used for low quality traffic services, such as Internet browsing data, 
which is at an unspecified bit rate (UBR), although the technique can be done to other higher quality 
traffic services, such as voice. In this case, for voice and other high quality services, the remote 
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terminals are always located within their respective regions, i.e. region I 3504 through region n 3508. 
Thus, an initial step is included to determine whether or not the traffic being transmitted is a low 
quality service at an unspecified bit rate (UBR). If the services are high quality services, e.g. at a 
specified bit rate, that the traffic is modulated as normal using different modulations for remote 
5 terminals located within different regions. Le. regions 1 2704 through region n 2708. Thus, the 
bandwidth for high quality services is net changed based oa channel conditions. And if the traffic 
being transmitted it a low quality service, then the steps in FIG. 36 are performed to dynamically 
assign bandwidth. 

Also note that FIG. 27 illustrates hew different regions 2704 and 2708 are located 

10 with a sector 2706. The sector represents the sector ("pie slice*) d escribe d above. Also note that FIG. 
5 describes another DAMA technique in which the remote terminals receive signals independently cf 
a time plan. 

1:N Redundancy 

15 Referring next to FIG. 37, a block diagram is shown fora 1:N redundancy system 

3700. Shown are hub terminal A 3702, hub terminal B 3704. backup bub terminal 3706, remote 
terminals 3710 (l A -njO, remote terminals 3712 (I B -na). subchannel A 3714, subchannel B 3716, 

DS3 A line 3718, DS3B line 3720. backup DS3 line 3722, multiplexer 3 724, and a backhaul line 
3726. 

20 Hub terminal A 3702 communicates with the remote terminals 3710 via subchannel 

A 3714, hid) terminal B 3704 communicates with the remote terminals 3712 via subchannel B 3716, 
and a backup hub terminal 3706 communicates with the remote terminals 3716 via subchannel B 
3716 when hid) terminal B 3704 fails. Hub terminal A 3702, hub terminal B 3704, and the backup 
hub terminal 3706 are coupled to the multiplexer 3724 via a DS3A line 3718, DS3B line 3720, and a 

2 5 backup DS3 line 3726, respectively. The multiplexer 3724 has a backhaul tine for connection to tire 

transport network (not shown). 

In practice, the 1:N redundancy system 3700 is designed to replace a 1:1 redundancy 
system used at the hub site of the point to multipoint system as described above (see Fig. 13). Such a 
system may or may not use hub and remote terminals with multi-transport mode and/or multi- 

3 0 modulation capabilities and is, thus, described genetically. In a 1:1 system, each communications 

terminal, or hub terminal, has a backup hub terminal that replaces that particular hub terminal in (he 
event of a failure. Thus, for a system having 10 hub terminals. 10 backup hub terminals are needed, 
adding to the cost of the system. A 1:1 redundancy system is described with reference to FIG. 13. 

In a point to multipoint system, due to splitting of multiple channels and location of 

3 5 remote terminals, several bub terminals may broadcast to remote terminals within the same antenna 
sector. The 1 :N redundancy system is designed to work where multiple hub terminals are operating 
within the same sector and have the same antenna coverage. Thus, hub terminal A 3702, hub 
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terminal B 3704, ami the backup hub terminal 3706 all are within the same sector and their respective 
antennas are pointed in the direction. Hub terminal A 3702 may be using subchannel A 3714 of 
"30 MHz channel A" while hub terminal B 3704 may be using subchannel B 3716 of "30 MHz 
channel B*. The backup hub terminal 3706 can backup cither hub terminal A 3702 or hub terminal B 
5 3704. And therefore; fewer hub terminals are needed at the hub site, reducing the overall cost of the 

point to multipoint system. The backup hub terminal 3706 must also have the same SSI module 
■ configuration or backhaul connections as hub terminal A 3702 and hub terminal B 3702. 

In a typical scenario, both hub terminal A 3702 and hub terminal B 3704 an 
operating as normal carrying user traffic back and forth between remote terminals 3710 and remote 
10 terminals 3712, white the backup bub terminal 3706 is in backup mode. If hub terminal B 3704 
experiences a failure, such as the outdoor unit failure, the failure is detect e d as described below in 
FIG. 38 and the ele ment management system (EMS) is notified. A red alarm is generated on the 
DS3B line 3720. The backup hub ter minal 3706 switches in for hub terminal B 3704 and starts 
transmitting on subchannel B 3716 to remote terminals 3712. The multiplexer 3724 det e cta the red 
15 alarm and executes a switchover for all connections from the DS3B line 3720 to backup DS3 line 
3722 based on prefiguration of the backup DS3 line 3722 as a backup to DS3B line. The EMS then 
notifies the network operations center via a simple network management protocol (SNMP) message. 
The remote terminals 3712 perceive a short interruption in subchannel B’s 3716 transmission and 
resynchronize. The subscribers at the remote terminals 3712 experience a temporary degradation in 
20 service. The switchover milage time is kept as a statistic If hub terminal A 3702 has failed, the 
backup hub terminal 3706 replaces it in the same manner broadcasting over subchannel A 3714. 

In order to ensure that the backup hub terminal 3706 will work when a failure 
occurs, the backup hub terminal 3706 must be regularly tested. If s backup hub terminal 3706 sits 
idly for an extended period of time, it is likely that the backup hub terminal 3706 will have already 
2 5 failed when called to perform. One testing technique known is called "load sharing" in which the hub 

terminal B 3704 transmits half of the toad and the backup hub terminal 3706 transits the other half of 
the load. If one hob terminal foils, then the other hub terminal takes over. This requires an extra 
frequency for the backup hub terminal 3706 or the backup hub terminal 3706 shares the same 
frequency as hub terminal B 3704 in tbe TDMA frame. If sharing the same frequency, the two 
30 terminals would have to be switched in and out at certain bits which is difficult to accomplish at the 
symbol rate (eg. 10 MHz) used by the point to multipoint system. Another backup testing technique 
is to switch to the backup hub terminal 3706 once a day (at midnight). Disadvantageous^, this causes 
an extra outage once per day. 

In this embodiment of the present invention, the backup hub terminal 3706 simply 
35 transmits a test burst once per superframe (every 48 msec) over subchannel A 3714 then transmits a 
test burst once per superframe over subchannel B 3716. The test burst is transmitted during tbe first 
timeslot (timeslot m-2) of the last three timeslots (timeslots m-2 through m) of the overhead section of 
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the last frame of the superframe that form the acquisition slot 806. as shown in FIG. 8. Since the test 
bunt is sent during the first burst, if the timing is slightly off, (he test burst will not collide with the 
other bursts sent by the hub terannal B 3704 or hub terminal A 3702. Furthermore, the on-tine hub 
terminals (hub terminal A 3702 and hub terminal B 3704) are not tra n s mit ti n g during these three 
5 timeslots. The test burst is sent in QPSK modulation such that all remote terminals 3710 and 3712 
can receive it (even if in the farthest region). Each remote terminal receives the test burst and records 
whether or not the test bunt was received and if so, its signal strength and how far off the timing was 
from the first burst location. These statistics are reported back to the on-line hub terminals. The 
values reported back ate stored and compared over time to see if the backup bub terminal 3706 has 
10 failed. If nothing is received or if the power levels drop significantly, the backup hub terminal has 
failed. These values are also received at the backup bub terminal 3706 and used as in FIG. 38. 

Referring next to FIG. 38, a flowchart is shown for the steps undertaken in order for 
a backup hub terminal shown In FIG. 37 to detect an on-line hub terminal fhiluie and to test a backup 
hub terminal. The fallowing steps are perf orm ed. The first step is to initialize the backup hub 
15 terminal by acquiring redundancy information and the receive and transmit timing (block 3802). 

Next, the backup hub terminal tunes to the frequency of the subchannel ((dock 3804) and transmits to 
the remote terminals of the subchannel (block 3806). Next, the remote terminals report the power 
level for both the backup hub terminal and the on-line hub terminals (block 3808) and transmit the 
information in their respective maintenance timeslots (block 3810) to the backup hub terminal The 
20 backup hub terminal receives the information (block 3812) and, finally, does failure detection (block 
38141 

An initial step to be performed is to initialize the backup hub terminal (block 3802) 
such that it can provide a 1:N redundancy to the on-line hub terminals (hub terminal A 3702 and huh 
terminal B 3704 of FIG. 37). This requires collecting the redundancy information and determining 
25 the receive and transmit timing acquisition. Specifically, the backup hub terminal is ini ti a l i zed by 
communicating with the element management system (EMS) described in FIG. 2 to obtain the 
redundancy Information, such as LAN addresses, frequencies, overhead channel allocations, and 
power settings for the other hub terminals in the redundancy group. 

Next as part of the initialization (block 3802) the backup hub terminal goes into 
30 receive timing acquisition mode. The purpose of this made is to determine the superframe timing of 
the uplink to which it is tuned The backup hub terminal listens to the signals being transmitted from 
the remote terminals to the hub terminals to synchronize the backup hub terminals timing and frame 
format with that of the rest of the point to multipoint system. The backup hub terminal waits until its 
local oscillator has locked to the selected input source, then selects one of the subchannels in the 
35 redundancy group and tunes to the uplink (remote to hub). Then, the backup bub terminal sets it 
antenna to open aperture and looks for the QPSK supetframe sync word (which is sent once per 
superframe by the remote terminals). The superframe sync word is detected and verified Next, the 
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contents of the buret are demodulated and the timeslot number for the particular remote terminal is 
determined from the format information in the header. The backup hub terminal then computes a 
frame and timeslot offset to the first buret of the superfirame and moves its supeiframe timing to the 
same location as received. If, however, the backup hub terminal has not detected and verified the 
5 superframe syne word within a.specified amount of time, e.g. 8 raperframes, the backup hub terminal 
will declare itself in failure mode. 

Still Initializing, the backup hub terminal then enters transmit timing acquisition 
mode to determine the appropriate transmit to receive offset The backup hub terminal starts with a 
value of 3.0 msec (based upon a 6 msec air interlace frame format) for the transmit to receive offset 
10 and transmits an overhead buret in timeslot rn-2 of the overhead section of the last frame of the 

superframe (see FIG. 8). The remote terminals are programmed to lode for the burst in an aperture of 
last three timeslots (i.c. timeslots m-2, m-1, and m) of the last air frame overhead section. If the burst 
is not detected, the remote terminals do nothing. If the burst is detected, the remote icrralnaJs 
maintain opamt> timing offset and power parameters and send a message containing the information 
15 back to the backup hub terminal (and hub terminal). The backup hub terminal uses this information 
to adjust its timing and power accordingly. If the return buret is not detected within the speci fi e d 
period of time, e.g. 8 supetfiames, the backup hub terminal declares itself in failure mode. Note that 
the timing adjustment is particular to a hub terminal on the current subchannel; thus, the bac k u p hub 
terminal must repeat the receive and transmit timing acquisition for each hub terminal of the 
20 redundancy group. 

As a final part of initialization, the backup hub terminal enters tracking mode in 
order to test the timing and dried a failure. The backup hub terminal sequentially tunes to each of the 
subchannels and recalls the stored transmit and receive offsets, and verifies the correct superframe 
timing has been achieved by reading the message headers from the remote terminals (block 3804). If 
25 the superframe timing is not accurate, the backup hub terminal must start over at block 3802. 

The backup hub terminal then transmits a test buret to the remote terminals (block 
3800) in the first timeslot of the last three timeslots (timeslots m-2. m-1, and m) of the las frame of 
the superframe's overhead section that make up the acquisition slot 806 (see also FIGS. 8 and 37) as 
/ligry flfM above: The test buret is the same test buret cent and described above in FIG. 37. Thus, the 
3 0 came test burst is uovt to test (he backup hub terminal and to detect an on-line bub terminal failure. 
The on-line hub terminals are not transmitting during these throe bursts. The remote terminals in the 
sector know to look for the buret and measure its signal strength (block 3808) and timing. The timing 
and power offset information is gathered. The remote terminal then sends the power measurements; 
e.g. measured RSSI, back to the backup bub terminal and the hub terminal in its maintenance slot of 
35 the overhead section (block 3810). The backup hub terminal listens to the maintenance slot and 
recehres the information recorded at the remote terminal (block 3812). Note that the backup hub 
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terminal knows which timeslot to listen to Tram the process in block 3802. If testing the backup hub 
terminal, the on-line hub terminals receive the information (block 3812). 

The backup terminal then does the failure detection (block 3814). To detect a 
failure, the backup hub terminal compares to the power level received for itself and the other on-line 
5 hub terminals from the remote terminals in the subchannel to the power level of the hub terminals on 
thirl Tuh^hannfl j n the r edundancy gmup If the power level of itself (the backup bub terminal) is 
more »imn a specified amount greater (typically 2 to 3 dBs) than the power level of one of the other 
hub terminate, the backup terminal determines that the other hub terminal has foiled and switches in 
for the foiled hub terminal. The backup hub terminal can immediately switch in since it contains all 
10 of the transmit and receive information as well as the burst lime plan for all of the on-line hub 
terminals of the redundancy group. Only a short interruption of service is noticed by the remote 
terminals. 

The comparison between the power levels of the backup hub terminal and the other 
hub terminals is needed to detect a power amplifier failure since the radio frequency channel is subject 
15 to fading which may resemble a power amplifier foil lire. Thus, the power levels are compared, since, 
in a fade, the power level of both the main hub terminals and the backup hub terminals will be 
reduced. 

This failure detection proc es s also must account for the behavior of the remote 
terminals during rain fade* or bub terminal amplifier failures. If an on-line hub terminal suffers flow 
20 a power reduction, the automatic gain control (AGC) of the remote terminal will compensate. 

Similarly, the AGC will compensate for power loss during rain fades. Thus, the information sent 
back to the backup bub terminal includes this information in the power measurement, RSSI, for both 
the on-line hub terminals and the backup hub terminals. Step 3814 monitors the strength of the test 
burst from the backup hub terminal when testing the backup hub terminal as described in FIG. 37. 

25 Thus, the 1:N redundancy system provides a backup hub terminal that can provide 

backup to more than one hub terminal at the hub site. This is a departure from prior art point-to- 
multipoint systems that having one backup hub terminal for each on-line hub terminal (1:1 
redundancy). Therefore, the I :N redundancy system reduces the number of hub terminals at the hub 
site over traditional point-to-multipoint communications systems. Additionally, the 1:N redundancy 
30 system provides a unique method of testing the backup hub terminal without the drawbacks of Toad 
sharing” or forcing outages periodically as discussed in FIG. 37. The method of 
FIG. 38 advantageously the unique air interface frame format to provide a failure detection 

method which tests the strength of the on-line hub terminals and the backup hub terminal once every 
superftame. 
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TDM Buffering 

TDM buffering is done in the TDM cell formatters of the individual TDM-based 
service interface modules in order to uniquely pack TDM data (both pulse code modulated 

A nwH channel associated signaling) into the tuM cells in such a way to minimize delay depending 
5 upon the assignment of the TDM cells to the multi-transport mode oellbus timeslots. 

Referring to FIG. 29. the block diagram Is shown for a TDM cell formatted by 

the TDM cell formatter (or signal formatter) of the SSI modules. The traffic section 2904 (data 
section) contains the TDM data or pulse code mnrtniarad (PCM) data. The header section 2902 of the 
TDM cell 2900 mnt»in« the ATM header or virtual path identifier 2906. This is a departure from a 
10 conventional TDM cell that contains no information, since the TDM cell is switched according 

to which timeslot it is in. Furthermore, the header section of the TDM cell i nc lu d es an ATM specific 
header. 

Furthermore, the TDM buffering techniques use the header section containing other 
headers 2908 for signaling bits, such as channel associated signaling (CAS) bits. Conve nt io na ll y . 

15 signaling (also referred to as signaling bits) is carried in separate TDM ceils and switched by timeslot 
Thus, the TDM cell 2900 of this embodiment, advantageously uses the other header section 2908 to 
cany the signaling within the same TDM cell 2900 as the PCM data (also referred to as PCM 
samples). 

In practice, the SSI modules are designed to interface with T1 lines (DS1) or El 
20 lines known in the art Since different T1 and El lines use different framing modes, such as extended 
superframe (ESF), the channel amriarwi signaling (CAS) information may be 2 bits or 4 bits and 
may be updated every 1_5,2.0, or 3.0 seconds. Thus, since the Tl/El lines operate at different 
framing modes and that since the point to multipoint system can switch any DSO at the hub terminal 
to the any DSO at the remote terminal, the signaling (such as CAS) is carried out of band (i.e. not in 
25 the traffic section 2904). The signaling is extracted at the entry point (by the Tl/El framers) and then 
transported uring the other headers 2908 of the header section 2202 shown in FIG. 29, as o pp o s ed to 
using a se p ara te TDM cell to carry the signaling. Note that T1 and El lines (also referred to as digital 
signal level 1 or DSls) are commonly known In the art of telecommunications. Additionally, DSOs 
(or digital signal level zero) are well known in the art of telecommunications; thus, no further 
30 expla n ation is required. 

Referring briefly back to FIG. 25A, the multi-transport mode SSI module 2500 is 
shown. The multi-transport mode SSI module 2S00, as well as the other SSI modules that are 
configured to operate in TDM, or synchronous mode, perform TDM buffering as discussed below. 

The multi-transport SSI module of FIG. 25A will be described as an example of the TDM buffering, 
35 so that the operation does not need to be explained in each TDM-based SSI module. Thus, FIG. 25 A 
will be occasionally referred to in order to illustrate bow the TDM buffering fits within a TDM-based 
SSI module. 
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As mentioned above, the PCM buffer controller 2516 receives the PCM data and the 
signaling (CAS) front the timing multiplexer 2552. The timing multiplexer 2SS2 receives the PCM 
data and signaling (CAS) from DSOs of the Tl/E 1 lines through the T 1/El framers 2554. The PCM 
buffer controller 2516 converts the PCM data and signaling to parallel formal and stores them in 
5 transmit buffer 2514. In the other direction, the PCM buffer controller 2516 pulls the PCM data and 
signaling ftora the receive buffer 2312. The receive buffer 2512 and the transmit buffer 2514 have a 
unique memory structure Diet is discussed with reference to FIG. 39 below. 

Referring next to FIG. 39, a memory structure is shown for buffering pulse code 
modulated (PCM) data and signaling, such as channel associated signaling (CAS), for use within the 
10 TDM-based SSI modules in one embodiment of the present invention. The memory structure 3900 
inH■*<.«« a receive data buffer 3902, transmit data buffer 3904, receive signaling buffer 3906, and 
transmit signaling buffer 3906. The receive data buffer 3902 and the transmit data buffer 3904 each 
have line data buffers 3910. Each line data buffer 3910 is used for a corresponding Tl line and 
contains DSO data buffers 3912. Each DSO data buffer 3912 contains PCM data bytes 3914 a s soc iat ed 
15 with a particular DSO of each corresponding Tl line. Both the receive signaling buffer 3906 and fee 
transmit signaling buffer 3908 contain line signaling buffers 3916. Each line signaling buffer 3916 is 
used far a corresponding Tl line and contains DSO signaling buffers 3918. And each DSO si gna li n g 
buffer 3918 contains DSO si gnalin g bytes 3920 (CAS) associated wife a particular DSO of each 
co r responding Tl line. Each DSO signaling byte 3920 contains signaling. 

20 The memory structure 3900 is implemented as a RAM, aad forms both fee transmit 

buffer 2514 and fee receive buffer 2512 of FIG. 25A in a single memory structure 3900. 

Advantageously, the memory structure 3900 is scalable allowing for a TDM-based SSI module to 
interface with a varying number of Tl lines. For example, fee Quad DS1 SSI module (FIG. 20) and 
the multi-transport mode SSI module (FIGS. 25A and 25B) allow for four and 8 Tl lines (DSls), 

25 respectively, while fee TDM-DS3 SSI module (FIG 16) allows for 28 Tl lines (DSls). Thus, the 
receive data buffer 3902, the transmit data h»iffrr 3904 . receive signaling buffer 3906, and the 
transmit rfgwaHng buffer 3908 have variable lengths depending on the implementation. 

Each line data buffer 3910 supports one Tl/El line and contains 2048 PCM data 
bytes 3914 for the PCM data to be packed in fee 48 byte data section 2904 (also referred to as the 
30 traffic section) of the TDM cell 2900 in FIG. 29. Each signaling line buffer 3916 contains 256 bytes 
for the signaling that is to be packed within the other headers 2908 of fee TDM cell of FIG. 29. Since 
two line data buffers 3910 and line signaling buffers 3916 are needed for cadi Tl line (i.c. one for 
transmit and one fbr receive), each Tl line requires 4098 Bytes (4K) of PCM data buffering and 512 
bytes of signaling buffering memory. 

35 Each line data buffer 3910 is a 2048 (2k) byte buffer containing DSO data buffers 

3912 for however many DSOs are interfaced wife the SSI module. 32 DSO data lines are shown for 
fee TDM-DS3 SSI module (28 Tl lines + 4 for on-line testing, or 32 El lines). Each DSO data buffer 
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3912 contain* PCM data bytes 39M from the particular DSOi. Advantageously, the DSO data buffer 
3912 is a 64 byte circular buffer. This allows the PCM data contained within the PCM data bytes 
3014 to be mapped into the 48 byte data section 2904 of the TDM cell with minimal memory 
requirements. As dismissed above, this embodiment formats TDM data into a cell structure that is the 
5 same ™ as an asynchronous transfer mode (ATM) cell. Thus, the PCM data is designed to fit within 
a 48 byte daia section 2904. 

The line signaling buffers 3916 each contain DSO signaling buffers 3918. Each 
DSO signaling buffer 3918 contains signaling bytes 3920 (co nt ai n ing the CAS data) for the particular 
DSOs. The DSO signaling buffers 3918 are also circular buffers, but are 8 bytes in length. 

20 Furthermore, the PCM samples are stored in each DSO data buffer 3912 (circular 

buffer) every 125 pace while the signaling is stored in 8 byte DSO signaling buffers 3918 (circular 
buffers) every 1.0 msec. The 64 byte DSO data buffers 3912 and the 8 byte DSO signaling buffers 
3918 correspond to an 8 msec time interval; however, the multi-transport bus Dame format (FIG. 15) 
and the air interface frame format (FIG. 5) ire based on a 6 msec frame in this embodiment, for 
15 example. 

During the first frame, PCM data is written to the first 48 PCM data bytes 3914 of the 64 
byte DSO data buffer 3912. Then during the second frame, PCM data is written to the last 16 PCM 
data bytes 3914 and then wraps around (in a circular fashion) and continues writing to the first 32 
PCM data bytes 3914 of the DSO data buffer 3912, and so on. Thus, the DSO data buffers 3912 are 
20 continually updated with new PCM data. 

Similarly for signaling buffering, during the first frame, the signaling bits are 
written to the first 6 signaling bytes 3920 of the DSO signaling buffer 3916. During the second frame, 
the last 2 signaling bytes 3920 are written, then the first 4 signaling bytes of the DSO signaling buffer 
3916 are written in a circular fashion. Thus, the PCM buffering and the signaling buffering used at 
25 the memory structure 3900 are implemented as a circular read from the DSO data buffer 3912 in the 
’egress* (multi-transport mode cell bus to SSI module) and a circular write to the DSO data buffer 
3912 In the "ingress* (SSI module to multi-transport mode cell bus). 

Referring next to FIG. 40. a pulse-code-modulated mapping control structure 
memory is shown for use in the TDM-ba*ed service specific interface modules used in one 
30 embodiment of the present invention. The pulse-code-modulated mapping control structure memory 
4000 (hereinafter referred to as the PCM mapping control structure memory 4000) contains pulse- 
code-modulated mapping control structures 4002 (hereinafter referred to as PCM mapping control 
structures 4002). Each PCM mapping control structure 4002 contains a mapping structure active 
4004 (also referred to as MPA 4004), Tl/EI bit 4006. line ID 4008. cell type 4010, PCM timeslot 
35 nnmberfolftet 4012. ingress read offset 4014, and egress write offset 4016. 

In practice, the PCM mapping control structure memory 4000 is coupled to the 
TDM cell formatter* of the TDM-based SSI modules and manipulated by the oontiol processor (CPU) 
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of the TDM-based SSI modules. The PCM mapping control structure memory 4000 controls the 
format of the individual TDM cells that the TDM cell formatter creates. The PCM mapping control 
structure memory 4000 contains the PCM mapping control structures 4002 so that the TDM cells will 
be formatted in such a manner that the DSOa carried will be transported with minimal delay and 
5 without complex hardware manipulation. 

The PCM mapping control smicture memory 4000 contains a variable nnmber of 
PCM mapping control structures 4002. The number of PCM mapping control structures 4002 
dep ends on the number of Tl/El tines (DSls) that the SSI module interfaces with. Thus, the TDM- 
DS3 SSI module (FIG. 21) will require 32 * 32 > 1024 PCMS mapping control structures 4002 (32 
10 Tl/El lines ia 28 lines used for transport and 4 used for testing), while a quad DS1 SSI module (FIG. 
20) will require 32 * 4 - 128 PCM mapping control structures 4002. 

Each PCM mapping control stricture 4002 Is 4 bytes and contains an MPA 4004. 
The MPA 4004 is a 1 bit field that indicates whether or not the PCM mapping control structure 4002 
is active or not. A *0* bit indicates that the PCM mapping control structure 4002 is not active and the 
15 TDM ceil formatter will ignore it A *1* bit indicates that the PCM mapping control structure 4002 is 
active; thus, the PCM mapping control structure 4002 will be used by the TDM cell formatter when 
the formatting and packing the TDM data cells for transmission on the multi-transport mode cell bus. 

The PCM mapping control structure 4002 also contains a Tl/El bit 4006 which 
indicates to the TDM cell formatter whether the line interlaced with is a T1 line or an El Hue (*0* is 
20 T1 and "1* is El). The line ID 4008 is 3 bits and identifies the Tl/El line for the particular timeslot 
of the multi-transport mode cell bus. Since a timeslot of the multi-transport mode cell bus is tied to a 
given Tl/El line, DSOt from other Tl/El lines can not be multiplexed on to same cell bus timeslot. 

The cell type 4010 i nd i cate s the specific cell type that is to be used according to the 
particular PCM mapping control structure 4002. Thus, the cell type 4010 defines how many DSOs 
25 will be multiplexed into the data section of the TDM ceil. The cdl type 4010 a three bit field. The 

TDM ceils defined by the cell type 4010 will be placed within the data cell 1704 of the CB-data cdl 
1700 and placed on the multi-transport mode cell bus (see FIGS. 15 and 17). The specific cell types 
as discussed with reference to FIGS. 41 through 43 below. 

The PCM timeslot number/offset 4012 is a five bit field that ide n ti fi es either the 
3 O PCM timeslot number for single DSO mode or the first PCM timeslot number for the modes that 

multiplex multiple DSOs in a single TDM data cell. For El lines, all 0-31 (timeslots 0 to 31) values of 
the 5 bit field are valid, while for T1 lines, only 0-23 (timeslots I to 24) values of the 5 bit field are 
valid. Thus, the TDM cell formatter knows where to look within the memory structure 4000 to read 
or write the PCM data to and Horn the specific data cell type. 

3 3 The ingress read aSket 4014 is a six bit field that specifies the read offset for 

composing the ingress data fields to be placed on the multi-transport mode cell bus. This is due to the 
fact, as described above, that the DSO data buffers 3912 of the memory structure in FIG. 39 are 64 
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bytes and the data section of the TDM cells is 48 bytes. Thus, the memory pointers reed to know 
which PCM data byte 3914 to point to within the DSO data buffers 3912 of the memory structure 3902 
of FIG. 39. The six bit field corresponds to one of the 64 PCM data bytes 3914. Similarly, the egress 
write offset 4016 is a six bit field that specifies the write offset for composing the PCM data bytes 
5 3914 within the DSO data buffers 3912 of the memory structure 3902. Thus, the memory pointers are 

told which PCM data bytes 3914 of the DSO data buffers 3912 to write the PCM data to. TDM cells 
in a sequence are assigned differing ingress read offsets 4014 and egress write offsets 4016 based 
upon assignments to the multi-transport mode cell bus, which in tum are based upon air interface 
burst assignments. 

10 Signaling, such as CAS, is read/written at the DSO signaling bytes 3920 at the same 

time as corresponding PCM data is read/written from the DSO data bytes 3914. 

Referring next to PIG. 41 a cell fbrmat is shown for a TDM cell used in TDM 
buffering in the TDM-based service specific interface modules to pack the pulse-code-modulated 
(PCM) data and signaling from a single DSO (digital signal level zero) into the TDM cell in 
15 accordance with the embodiments shown in FIGS. 39 and 40. The TDM-based SSI modules are 
shown in FIGS. 20, 21, 25 A, and 25B. The TDM cell 4100 includes a header section 4102 (also 
referred to as an overhead) and data section 4104 (which is the same as data section 2904 of FIG. 29). 
The header section 4102 contains an even virtual path identifier 4106 (hereinafter referred to as the 
even VFT) and an odd virtual path identifier 4108 (hereinafter referred to as the odd VPI) and a spare 
20 section 4110. Together, the even VPI 4106 and the odd VPI 4108 comprise the ATM VPI 2906 as 
shown In FIG. 29 which is used in ATM address filtering as described above. The header section 
4102 also contains signaling sets 4105, which are 4 bits of signaling (CAS) from one DSO. 

In practice, the TDM cell 4100 is one of the cell types defined by the cell type 4010 
of the PCM mapping control structures 4002 of FIG. 40. In the ingress, the TDM cell formatter packs 
2 5 48 bytes of PCM data from the DSO data byte 3914 of a particular DSO into the data section 4104 and 

3 bytes of signaling from the DSO signaling byte 3920 of the particular DSO into the signaling sets 
4105 of the TDM cell 4100. Alternatively, in the egress, the TDM cell formatter unpacks the PCM 
data and signaling from the TDM cell 4100 and writes it to the correct DSO data byte 3014 and DSO 
signaling byte 3920 for the respective DSO. Once formatted, the TDM data cells 4100 are copied onto 
30 the multi-transport mode cell bus (see FIGS. 15-17) within a CB-Data traffic cell (see FIG. 17). 

Note the signaling and the PCM data are both uniquely packed into the TDM cell 
4100, whereas a prior art TDM cell uses separate TDM packets for the signaling and the PCM data. 
Furthermore, the TDM cell 4100 includes a unique header section 4102. whereas a prior art TDM 
packet docs not include a header section since it is routed according to which timeslot it is in. not 
35 according to header information. Additionally, the TDM cell 4100 uniquely includes an ATM 

header, the odd VPI 4108 and the even VPI 4106, i.e. the VPI, used in the ATM filtering techniques 
described above in the specification. 
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As an example, based on a 6 msec air frame, the TDM cell 4100 provides a 
buffering delay of 6 msec (i.e. the length of the 6msec bus frame format) in packing 48 bytes of PCM 
data Grom one DSO into the TDM cell 4100. The header section 4102 indudes 6 signaling data sets 
4105 or 3 bytes of signaling (containing CAS from the DSO signaling buffer 3918 of the memory 
S structure of FIO. 39) corresponding to the 48 bytes of PCM samples (taken from the DSO data buflfcr 
3912 of the memory structure of FIG. 39). The TDM cell 4100 can only be used for structured DS0& 
Structured DSOs gTV< unstructured DSOs are well known in the art of digital tdecommunications, and 
thus, no further explanation is required. 

Referring next to FIG. 42, a cell format is shown for a TDM cell used in the TDM 
10 buffering in the TDM-based service specific interface modules to pack pulse-code-modulated (PCM) 
data and signaling from multiple DSOs into a single TDM cdl in accordance with the embodiments 
shown in FIGS. 39 and 40. The TDM cell 4200 includes a header section 4202 containing an even 
VPI4206, and odd VPI4208. DSO #1 signaling set 4216, DSO #2 signaling set 4218, DSO signaling 
sets 4222, and DSO «n signaling set 4220. The TDM cell 4200 also contains a data section 4204 
15 containing DSO ill data section 4210, DSO 92 data section 4212, and a DSO 9n data section 4214. 

In practice, the TDM cell 4200 is generically shown as a TDM cell that is capable of 
carrying PCM data and signaling from multiple DSOs in the same data section 4204. This is a 
departure from prior art TDM ceils or packets that pack PCM data from one DSO into a single TDM 
cell or p*** 1 * As above, this also departs from a prior an TDM cell in that PCM data and 

2 0 signaling arc pvkwt into the TDM cell 4200. The TDM cell 4200 has the same general design 

as shown in FIG. 41 except that the TDM cell 4100 in FIG. 41 carries PCM data and signaling from 
only one DSO. Also, the TDM cell 4200 represents several different TDM cell types defined by the 
cell type 4010 of the PCM mapping control structure 4002 shown in FIG. 40. Thus, the TDM eel) 
formatter uses the PCM mapping control structure to determine which TDM cell type to format for 
25 each timeslot on the multi-transport mode cel) bus. 

The TDM-based SSI modules, advantageously, are configured to format TDM data 
cells into one of the available formats shown in FIGS. 41,42, and 41. This minimizes the delay for 
certain types Of trade carried within certain DSOs. It is especially important to create several 
different cell types since the TDM data cell generally is confined to such a small size (i.e. S3 bytes) in 

3 0 this embodi m e n t A prior ait TDM-based point to multipoint system does not have these delay 

concerns since the TDM cells or packets are designed much larger than S3 bytes, typically between 
ISO to 400 bytes. 

The TDM cell 4200 can cany PCM data from more than one DSO in the data 
section 4204. The PCM data is packed into DSO 91 data section 4210 through DSO 9n data section 
3 5 4214 for DSO #1 through DSO 9n. For example, if only data from two DSOs were packed into the 

TDM cell 4200, there would only be two sections, DSO 91 data section 4210 containing 24 bytes of 
PCM data from DSO 91 and DSO 92 data section 4212 containing 24 bytes from DSO 92. The 
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corresponding header section 4202 would contain more than one signaling set Tor each DSO. For 
example, there would be three DSO 81 signaling sets 4216 and three DSO #2 signaling sets 4218. A 
spare section would comprise the extra byte in the header section 4202. The spare section would be 
used if needed to fill the header section 4202 in order to maintain the 5 byte header section 4202 in 
5 the TDM ceil 4200. 

Again, using the example of a 6 msec frame format, the cell formatter takes a 3.0 
msec time interval to pack the PCM data and signaling Cram two DSOs into the TDM cell 4200. 

Thus, the buffering delay is reduced from 6.0 msec in FIG. 41 to 3.0 msec in this exam pic. Note that 
since the only 3 msec of PCM data is carried within the TDM ceil 4200 in this example, two TDM 
10 cells 4200 are sent during the same 6 msec frame. This allows the same amount of PCM data to 

travel within the same 6 msec frame, while, advantageously, reducing the buffering delay from each 
TDM eel) 4200. As should be obvious to the dolled artist, the more DSOs that are packed Into the 
TDM cell the lower the buffering delay in packing and unpacking the TDM cell 4200. This is 
advantageous in order to minimize delay for certain traffic. 

15 Another example of a cell type shown in FIG. 42 is a TDM cell 4200 that packs both 

PCM data and signaling from 8 DSOs into the TDM cell 4200. In this case, there are eight DSO data 
sections within the data section 4204: DSO #1 data section 4210, through DSO #8 data section 4214. 
Each data section (e.g. DSO #1 data section 4210) contains 6 bytes of PCM data (also refe r red to as 
PCM samples). This provides for only a 0.73 msec buffering delay to packAinpack the PCM data and 

2 0 signaling to and from (he TDM cell 4200. In this example, the co r r es po n ding header section 4202 

would contain the even VPI4206, odd VPI4208, and eight signaling sets, one for each DSO, i.e. DSO 
81 signaling set 4216, DSO 82 signaling set 4218, DSO 83-7 signaling sets 4222, and DSO 88 
signaling set 4214. There is no spare section in this example since the signaling sets completely fill 
the available spaces in the header section 4202. Furthermore, in this example, since only 0.73 msec 
25 of PCM data is sent in TDM cell 4200,8 TDM cells 4200 are assigned during the 6.0 msec frame to 
cany the PCM data from the 8 DSOs. 

Thus, with a slightly different configuration of the data section 4204 and the header 
section 4202, the TDM cell 4200 may be configured to cany PCM data and signaling from more than 
one DSO. This, advantageously, reduces the buffering delay in order to minimize delay for certain 
30 traffic types. The two examples given (i.e. 2 DSOs and 8 DSOs) are only illustrative of the concept; 
thus, the skilled artist could implement the TDM cell 4200 to pack other numbers of DSOs for 
different buffering delays. Additionally, the DSOs that are packed in the TDM cell 4200 can be both 
structured and unstructured. 

Referring next to FIG. 43, a cell format is shown for a TDM cell used in the TDM 

3 5 buffering in the TDM-based service specific interface modules to pack multiple DSOs with embedded 

framing in accordance with the embodiments shown in FIGS. 39 and 40. The TDM cell 4300 has a 
data section 4304 that is 30 bytes in length and supports up to 23 DSOs 4312, wherein each DSO 4312 
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has 2 samples (2 frames) of PCM data (a 0.2S msec time interval). The TDM cell 4300 provides a 
very low delay service for 24 DSOs 4312. The 25® DSO 4314 contains C.802 e m bed d ed framing (line 
emulation). The buffering delay for TDM cell 4300 is reduced to 0.23 msec. Since the 23* DSO 4314 
is embedded framing, the header section 4302 does not need to contain any signaling. Thus, the 
5 header section 4302 is only three bytes containing the even VPI4306, odd VPI4308, and spare 
section 4310. 

Thus, advantageously, different TDM cell types, as shown by TDM ceils 4100, 

4200, and 4300, may be created by the TDM cell formatters of the TDM-based SSI modules. This 
enables the TDM data from one or more DSOs and the corresponding signaling to be multiplexed in a 
10 variety of ways on to the multi-transport mode cell bus. Again, this departs from known prior an that 

only multiplexes a single DSO into one TDM cell. 

Referring next to FIGS. 44A and 44B, flowcharts are shown illustrating the TDM 
buffering as described In FIGS. 39 through 43, done at the TDM-based SSI modules of the point to 
multipoint system. FIG. 44A illustrates the steps carried out for traffic entering the TDM-based SSI 
IS module, either at the bub terminal or the remote terminal, through the transport lines (Tl/El or DS3, 
for example) and being multiplexed onto the multi-transport mode cell bus. FIG. 44B illustrates the 
steps carried out for traffic received at the TDM-based SSI modules from the multi-transport mode 
cell bus and being switched to the either the subscribers or the backhaul depending on whether or not 
the TDM-based SSI module is ai the remote terminal or the hub terminal. 

20 For traffic flow from the T1 lines to the multi-transport mode cell bus of the point to 

multipoint system through the TDM-based SSI modules, the TDM-based SSI modules perform the 
following steps. The first step is to convert the DSOs, having already had the framing removed, that 
are received from the T1 lines from serial to parallel format so that the PCM data and signaling data 
(such as channel associated signaling) can be recovered (Step 4402 of FIO. 44A). This step is 
25 performed by the PCM interfaces dun are d e sc ri bed in FIGS. 20. 21.23A. and 23B, e.g. PCM buffer 
controller 2316. Thus, the signaling data is separated from the PCM data of the received DSOs. Next, 
the PCM data (PCM samples) and signaling are buffered using a memory structure (Step 4404 of FIG. 
44A). Such a memory structure is described with reference to FIG. 39 and may be implemented on 
each of the TDM-based SSI modules. 

3 0 Next, in preparation for formatting the PCM data and signaling for the multi- 

transport mode cell bus, the TDM cell formatter obtains the correct PCM mapping control structure 
for each timeslot of the multi-transport mode cell bus (Step 4406 of FIG 44 A). The PCM mapping 
control structures are contained within the PCM mapping control structure memory, described in FIG. 
40, and typically contained within the message buffer coupled to the TDM cell formatter, e.g. the 
35 message buffer 2308 shown in FIG. 23A. Then, the TDM cell formatter uses the PCM mapping 
control structure to determine the specific cell type of TDM cell that will be formatted for each 
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timeslot of the multi-transport mode cell bus (Step 4408 of FIG 44A). The specific cell types are 
shown in FIGS. 41 through 43. 

Next, the TDM cell is formatted by packing the PCM data and signaling into the 
specific cell type (Step 4410 of FIG. 44 A). The PCM mapping control structure further provides the 
5 TDM cell formatter with the proper offsets into the memory structure of FIG. 39 so that the TDM cell 

formatter can place the proper PCM data and signaling into the proper locations of the TDM cell. 
Furthermore, for ATM address filtering, the TDM cell formatter inserts an ATM header, the VPI, into 
the proper location within the header section (Step 4412 of FIG. 44A). Note that, advantageously, 
both PCM data and signaling are packed within the same TDM cell, as well as, PCM data and 
10 signaling from multiple DSOs. Again, this is a departure from the prior an TDM buffering 

tedmignea Finally, the TDM cell, having been formatted, is multiplexed onto the multi-transport 
mode cdl bus (within the data section 1704 of the traffic cell 1700) using the timeplan contained 
within the message b uffer (Step 4414 of FIG. 44A). 

For traffic flow from the multi-transport mode cell bus of the point to multipoint 
15 system to the T1 lines of the subscriber or backhaul through the TDM-based SSI modules, the 

following steps are performed for the TDM buffering. The cells, both ATM and TDM cells, arrive at 
the multi-transport mode cell bus. First, the TDM cell formatter uses the timeplan to extract the 
proper cells, only TDM cells destined for the particular TDM-based SSI module (Step 44 Id of FIG. 
44B). Then, the TDM cell formatter accesses the PCM mapping cootrol structure for each TDM cell 
20 extracted to determine which cell type the TDM cell corresponds to (Step 4418 of FIG. 44B). 

Once the cell type is determined, the TDM cell formatter unpacks the PCM data and 
the signaling from the received TDM cell and buffers them into the memory structure as described in 
FIG. 39 (Step 4420 of FIG. 44B). Note that the PCM mapping control structure provides the proper 
offoets into the memory structure so that the TDM cell formatter will know which data bytes 3914 or 
2 5 signaling bytes 3920 within the memory structure to write the PCM data and dgnaling for each DSO 
into. Next, at the proper time, the PCM interface (eg. PCM buffer controller 2J16) extracts the PCM 
data and signaling from the memory structure and converts them bock to serial DSO form (Step 4424 
of FIG. 44B). Finally, the DSOs are framed for transmission and transmitted through the proper DSO 
of the proper T1 tine (Step 4426 of FIG. 44B). 

30 While the invention herein disclosed has been described by means of specific 

embodiments and applications thereof, numerous modifications and variations could be made thereto 
by those skilled in the art without departing from the scope of the invention set forth in the claims. 
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CLAIMS 


What is claimed is: 

1. A radio (1400) comprising: 

5 a multi-modulation modem (1100), wherein the mulli-modulatioa modem includes a 

modulator that modulates signals using a plurality of mo du lat ions; 

a frequency convener (1422 and 1402) coupled to the multi-modulation modem for 
convening the signals to a radio frequency, and 

a transceiver unit (1402) including an antenna (1404) coupled to the frequency 

10 converter for transmitting the signals over a radio communications link (118). 

2. The radio of Claim 1 wherein said modulator (1100) modulates said signals 
using said plurality of modulations on a buret-by-burst basis. 

15 3. The radio of Claim 1 wherein said radio communications link is a time division 

multiple access radio communications link (118). 

4. The radio of Claim 1 wherein said multi-modulation modem (1100) includes a 
modulator (1102)that modulates said signals using quadrature phase shift keying. 16-quadrature 

2 0 amplitude modulation, and 64•quadrature amplitude modulation. 

5. The radio of Claim 1 wherein said antenna comprises a switched beam antenna 

(1404). 

25 6. The radio of Claim 1 wherein said modulator includes a modulation selector unit 

(1114), wherein the modulation selector unit selects respective ones of said plurality of modulations to 
modulate said signals. 

7. The radio of Claim 1 wherein said modulation selector unit selects said 

3 0 respective ones of said plurality of modulations to modulate said signals on a buret-by-burst basis. 

8. The radio of Claim 7 wherein said modulation selector unit includes a 
constellation lookup (1120). wherein the constellation lookup maps said signals to respective ones a 
plurality of constellations, wherein each of the plurality of constellations corresponds to a respective 

35 one of said plurality of modulations. 
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9. The radio of Claim 1 wherein raid multi-modulation modem includes a 
demodulator (1104) that demodulates received signals having been modulated using said plurality of 
modulations. 


5 10. The radio of Claim 9 wherein said demodulator includes a muhr-modularion 

sliccr (1160X wherein the multi-modulation sllcer maps said received signals to a respective one of a 
plurality of constellations, wherein each of said plurality of constellations corresponds to respective 
ones of said plurality of modulations. 

10 11. The radio of Claim 9 wherein said demodulator comprises an acquisition 

section (1140) comprising: 

a preconclation filter (1144); and 

a burst detector and parameter estimator unit (1146) coupled to the precorrelation 

filter. 

15 

12. The radio of Claim 11 wherein said demodulator further comprises a tracking 
section (1142) comprising: 

an automatic gain control (1156); 

an equalizer and phase rotator unit (1158) coupled to the automatic gain control; 

20 a multi-modulation sliccr (1160) coupled to the equalizer and phase rotator unit; 

and 

a carrier recovery loop (1162) coupled to multi-modulation sliccr and the equalizer 
and phase rotator unit. 

25 13. The radio of Claim 1 wherein said signals comprise a plurality of transport 

mode signals (2800 and 2900). 

14. The radio of Claim 1 further comprising: 

a formatter (1418 and 1419) for formatting said signals for transmission on a bus, 

3 0 wherein said signals comprise synchronous signals and asynchronous signals; and 

a bus (1416) for canying said signals to said multi-modulation modem. 

15. The radio of Claim 14 wherein said synchronous signals comprise lime division 
multiplexed signals (2900) and said asynchronous signals comprise asynchronous transfer mode 

35 signals (2800). 
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16. A modem comprising: 

a multi-modulation modem (1100) comprising: 

a modulator (1102) including a modulation selector unit (1114), wherein 
the modulator modulates signals using a plurality of modulations, wherein the modulation selector 
5 unit selects respective ones of the plurality of modulations to modulate the signals; and 

a demodulator (1104) tor demodulating the signals using the plurality of 

modulation modes. 

17. The multi-modulation modem of Claim 16 wherein said plurality of 

10 modulations comprises quadrature phase shift keying, 16-quadrature amplitude modulation, and 64- 
quadramre amplitude modulation. 

18. The modem of Claim 17 wherein said modulation selector unit selects said 
respective ones of said plurality of modulations to modulate said signals on a bora-by-burct basis. 

15 

19. The modem of Claim 16 wherein said modulation selector unit comprises: 
a byte to symbol converter (1116); 

a burst formatter (1118) coupled to the byte to symbol convener for formatting said 
signals into bursts; and 

20 a constellation lookup unit (1120) coupled to the burst formatter for mapping 

respective signals into respective ones of a plurality of constellations, wherein each of the plurality of 
constellations corresponds to a respective one of said plurality of modulations. 

20. The modem of Claim 19 further wherein said burst formatter formats said 
25 signala into one of a plurality of burst types (700 and 710). 

21. The modem of Claim 19 Anther comprises: 
a transmit buffer Interface (1108): 

a scrambler (1110) ooupled to a transmit buffer interface; 

30 an encoder (1112) coupled to the scrambler; 

said modulation selector unit (1114) coupled to the encoder, 
a pulse shaper (1122) coupled to said modulation selector unit; 
a haUband filter (1124) coupled to the pulse shaper, 
a raraper (1126) coupled to the halfband filter, 

35 a linearizer (1128) coupled to the ramper, 

an intermediate frequency modulator (1130) coupled to the linearizer, and 


- 99 - 



(185) 


2000-59453 


modulator. 


a sync distortion compensation filter (1132) coupled to the intermediate frequency 


22. The modem of Claim 16 wherein said demodulator includes: 

5 an acquisition section (1140). and 

a tracking section (1142) coupled to the acquisition section, wherein the tracking 
section demodulates received signals having been modutalcd with said plurality of modulations 

23. The modem of Claim 22 wherein raid tracking section in c l udes an equalizer 
10 and phase rotator unit (1158), wherein the equalizer and phase rotator unit minimizes intenymbol 

interference. 

24. The modem of Claim 23 wherein said equalizer and phase rotator unit includes 
a feed-forward equalizer coupled to a feedback equalizer. 

25. The modem of Claim 23 wherein said tracking section (1142) further comprises 
a multi-modulation slicer (1160) coupled to said equalizer and phase rotator unit, wherein the multi- 
modulation slicer maps said signals into one of a plurality of constellations, wherein each of the 
plurality of constellations is associated with one of said plurality of modulations. 

26. The modem of Claim 25 wherein said tracking section further comprises a 
carrier recovery loop (1162) coupled to said multi-modulation slicer and said equalizer and phase 
rotator unit, wherein the carrier recovery loop recovers suppressed carrier signals using one or more of 
said plurality of modulations. 

27. The modem of Claim 26 flirther comprising: 

a symbol to byte convener (1166) coupled to said multi-modulation slicer of said 

tracking section; 

a decoder (1168) coupled to said symbol to byte converter, 
a descrambler (1170) coupled to the decoder; and 
an output buffer (1172) coupled to the descrambler. 

28. A method of radio transmission comprising: 
receiving (1416) signals Into a radio; 

35 modulating (1906) the signals using respective ones of a plurality of modulations; 

converting (1908) the signals, having been modulated, to a radio frequency; and 
transmitting (1910) the signals over a radio communications link. 


15 


20 


25 


30 
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29. The method of Claim 28 wherein said modulating comprise* using (1100) a 
multi-modulation modem to modulate said signals using said plurality of mo du l ation. 

30. The method of Claim 28 wherein said modulating comprise* modulating said 

5 signals using said plurality of modulations, wherein said plurality of mo d u l at i o ns comprise quadrature 
phase shift keying, 16-quadrature amplitude modulation, and 64-quadrature amplitude modulation. 

31. The method of Claim 28 wherein said modulating comprises modulating said 
signals using said respective ones of said plurality of modulations on a burst-by-hurst basis. 

10 

32. A method of radio reception comprising: 

receiving (1912) signals from a radio communications link into a radio, wherein the 
signals are modulated with respective ones of a plurality of modulations; 

converting (1914) the signals (torn a radio frequency to a digital baseband; and 

15 demodulating (1916) the signals having been modulated with the respective ones of 

the plurality of modulations. 

33. The method of Claim 32 wherein said demodulating comprises said 
demodulating, using (1100) a multi-modulation modem, said signals having been modulated with said 

20 respective ones of said plurality of modulations. 

34. The method of Claim 32 wherein said demodulating comprises demodulating 
said signals having been modulated with said respective ones of said plurality of modulation modes, 
wherein said plurality of modulation modes comprise quadrature phase shift keying. 16-quadrature 

2 5 amplitude modulation, and 64-quadrature amplitude modulation. 

33. The method of Claim 32 wherein said demodulating comprises demodulating, 
on a burst-by-burst basis, said signals having been modulated with said respective ones of said 
plurality of modulations. 

30 

36. A radio comprising: 

means for receiving (1418 and 1419) signals into the radio from an input source; 

means for modulating (1100) the signals using respective ones of a plurality of 

modulations; 

35 means for converting (1422 and 1402) the signals, having been modulated, to a 

radio frequency, and 
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meins lor transmining (1402 and 1404) the signals over a radio communications 

link. 

37. The radio of Claim 36 wherein said means for modulating comprises means far 

5 modulating said signals using respective ones of said plurality of modulations on a burst-by-hurst 

basis. 

38. The radio of Claim 36 further comprising: 

for formatting (2304 and 2306) said signals for tra n s m ission onto a bus, 

10 wherein said signals comprise a plurality of transport mode signals; and 

whim for transporting (1416) the signals, having been for matt ed, to said means for 

modulating 

39. A radio comprising: 

15 means for receiving (1402) signals from a radio communications link into the radio, 

wherein the signals are modulated with respective ones of a plurality of modulations; 

means for converting (1402 and 1422) the signals from a radio frequency to a digital 

baseband; and 

means for demodulating (1100) the signals having been modulated with respective 
20 ones of the plurality of modulations. 

40. The radio of Claim 39 wherein said means for demodulating comprises means 
for demodulating said signals having beat modulated with said respective ones of said plurality of 
modulations on a bunt-by-burst basis. 

25 

41. The radio of Claim 39 ftmher comprising: 
said means far receiving comprises: 

said means for receiving said signals, wherein said signals comprise a 
plurality of transport mode signals (2800 ami 2900) having been formatted for transmission over said 
3 0 radio communications link; 

means for transporting (1416) signals from said means for demodulating to an 
interface module; and 

means for distinguishing (3000) said signals. 

35 41 A method of modulation comprising 

receiving (1108) signals into a modulator, 
converting (1116) the signals to symbols; 
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formatting (1118) the symbols into bursts. 

mapping (1120) the bursts into respective ones of a plurality of constellations; 
wherein each of the plurality of constellations corresponds to a respective one of a plurality of 
modulations; and 

5 modulating (1130) the bursts using respective ones of the plurality of mo du lat ions. 

43. The method of Claim 42 wherein said mapping comprises mapping the bunts 
into respective ones of said plurality of constellations, wherein said plurality of constellations 
c omp rises a 4 point constellation, a 16 point constellation, and a 64 point constellation. 

10 

44. The method of Claim 42 further comprising: 
scrambling (1110) said signals prior to said converting; and 
encoding (1112) said signals prior to said converting. 

15 43. The method of Claim 44 further comprising: 

interpolating (i 122) said bursts after said mapping and prior to said m od ulatin g; 
applying (1126) a ramp to said bursts prior to said modulating; 
compensating (1128) for non-linear distortion in said bursts prior to said 

modulating; and 

20 compensating (1132) for sine distortion after said modulat i n g. 

46. A method of demodulation comprising: 

receiving (1138) complex symbols into a demodulator, wherein the complex 
symbols have been modulated using respective ones of a plurality of modulations; 

25 obtaining (1146) a gain estimate of the complex symbols having been received; 

obtaining (1146) a timing estimate of the complex symbols having been received; 
obtaining (1146) a phase estimate of the complex symbols having been received; 
obtain i ng (l 146) a frequency offset estimate of the complex symbols having been 

received; 

30 minimizing (1158) intersymbol interference using an equalizer; and 

mapping (1160), using a multi-modulation slieer, the complex symbols to respective 
ones of a plurality of constellations, wherein each of the plurality of constellations corresponds to a 
respective one of the plurality of modulations. 
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47. The method of Claim 46 further comprising iracking (1142) a carrier signal. 


5 


48. The method of Claim 47 further comprising tracking (1162), using a carrier 
recovery loop, a phase and a frequency of a suppressed carrier signal. 

49. The method of Claim 48 wherein said tracking (1162), using said carrier 
recovery loop comprises tracking, using a second order phase lock loop of said carrier recovery loop, 
said phase and said frequency of said suppressed carrier signal. 


10 


50. The method of Claim 48 wherein said tracking said carrier signal comprises 
tracking a quadrature phase shift keying carrier signal. 


15 


20 


51. The method of Claim 50 wherein said tracking, using said carrier recovery 
loop, said phase and said frequency of a suppressed quadrature amplitude modulation signal. 

52. The method of Claim 46 wherein said receiving comprises receiving (1138) 
said complex symbols into said demodulator, wherein said complex symbols have been modulated 
using respective ones of quadrature phase shift keying, 16-quadrat ure amplitude modulation, and 64* 
quadrature amplitude modulation. 

53. The method of Claim 46 wherein said mapping comprises mapping, using said 
multi-modulation slicer, said complex symbols to respective ones of said plurality of constellations, 
wherein said plurality of constellations comprises 4 point, 16 point, and 64 point constellations. 


2 5 54. The method of Claim 46 further comprising: 

converting (1166) said complex symbols, having been mapped, to bytes; 
decoding (1168) the bytes; 
descrambling (1170) the bytes; 
buffering (1172) the bytes; end 

3 o outputting (1174), from the demodulator, the bytes having been buffered. 


55. A method (l 140) of providing accurate parameter estimates of received 
complex symbols in a demodulator comprising: 

receiving (1138) complex symbols from a burst into a demodulator, the burst having 
3 5 been transmitted over a communications channel; 
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loading (1164) stored interpolation coefficients into a precondition filter (1144), 
wherein (he stored interpolation coefficients represent a true timing oEEset of the com mun ica t ions 
channel as seen by the demodulator, whereby the communications channel has been equalized; 

correlating (1144) the received complex symbols from the burst using the 
5 prccon c lalion filter having been loaded; 

detecting (1146) the burst; and 

estimating (1146) parameters of the burst having been det e ct e d, whereby the 
estimating step is performed with the communications channel having been equalized. 

10 56. The method of Claim S3 wherein said estimates comprises: 

estimating (1146) a gain estimate of the burst; 
estimating (1146) a timing estimate of the burst; 
estimating (1146) a phase estimate of the burst; and 
estimating (1146) a frequency offset of the burst. 

15 

57. The method of Claim 55 further comprising: 

receiving (1138), prior to said receiving said complex symbols from said burst, 
overhead complex symbols from an overhead burst, the overhead burst having been tra n s m i tte d over 
said communications channel; 

20 loading (1164), prior to said receiving said complex symbols from said buret, default 

interpolation coefficients into said prccorrciation filter (1144), wherein the default interpolation 
coefficients represent an estimated timing offset of said communications channel as seen by said 
demodulator, 

correlating (1144), prior to said receiving said complex symbols from said bura, the 

2 5 received overhead complex symbols from the overhead burnt using said precorrelaiion filter having 

been haded with the default Interpolation coefficients; 

detecting (1I46X prior to said receiving said complex symbols from said burst, the 
overhead burst; and 

estimating (1146), prior to said receiving said complex symbols from said burst, a 

3 O timing offset of the overhead burnt, wherein the timing offset represent said true timing offset of said 

communications channel as seen by said demodulator. 

38. The method of Claim 57 thither comprising: 

equalizing (1138), prior lo said receiving said complex symbols from said burst, said 
3 5 communications channel using said timing offset; 

determining (1158), prior to said receiving said complex symbols from said burst, 
said stored interpolation coefficients from said timing offset during the equalizing step; and 
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storing (1164), prior to said receiving said complex symbols from said burst, said 
stored interpolation coefficients, wherein said stored interpolation coefficients correspond to said 
communications channel. 

5 39. The method of Claim 33 wherein said receiving comprises receiving complex 

symbols from respective bursts into a demodulator, the respective bursts having been transmitted over 
respective communications channels. 

60. The method of Claim 39 wherein said loading comprises loading (1164) 

10 respective stored interpolation coefficients into said precorreUtion filter, wherein the respective stored 
interpolation c oeffi cients correspond to said respective bursts, wherein the respective stored 
interpolation coefficients represent a true timing offset of said respective communications channels as 
seen by the demodulator, whereby said respective communications channels have been equalized. 

15 61. The method of Claim 60 wherein said correlating comprises correlating (1144) 

said received complex symbols from said respective bursts using said precorrelation filter having been 
loaded; 

wherein said detecting comprises detecting (1146) said respective bursts; and 
wherein said estimating comprises estimating (1146) said parameters of said 
20 respective bursts having been detected, whereby said estimating step is performed with said respective 
communications channels having been equalized. 

62. An acquisition section (1140) of a demodulator (1104) for allowing accurate 
parameter estimation comprising: 

25 a precorrelation filter (1144) for receiving complex symbols comprising bursts, 

wherein the burets have been transmitted over a communications channel; 

a buret detector (1146) coupled to the precorrelalion filter, 
a parameter estimator (1146) coupled to the buret detector, 
an equalizer (1158) coupled to the parameter estimator, and 
30 a coefficient memory (1164) coupled to the equalizer and the precorrelation filter. 

63. The acquisition section of Claim 62 wherein said precondation fitter comprises 
a finite impulse response filter (l 144). 
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Abstract 

ABSTRACT OF THE DISCLOSURE 

A radio (1400), and related methods of radio communication, consisting of a multi- 
modulation modem (1100), wherein the multi-modulation modem that modulates and demodulates 
signals using a plurality of modulations. The radio also comprises a frequency converter (1402 and 
5 1422) coupled to the multi-modulation modem for convening the signals to a radio frequency and a 

transceiver unit (1402) including an antenna (1404) coupled to the frequency converter for 
transmitting the signals over a radio communications link (118). The multi-modulation modem 
i ncl u de s a mo dul ator (1102) that includes a modulation selector unit (1114) that selects respective 
ones of the plurality of modul a ti on s to modulate the signals. The multi-modulation modem also 
XO i ncl udes a demodulator (1104) for demodulating the signals having been modulated using the 

plurality of modulations. 

Representative Drawing: Fig. 14 
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